The  University  Library 
Leeds 


Medical  and  Dental 
Library 


^Tack 

K)6  13 

7\L 


30106  004168430 


CYCLOPAEDIA 


OF  THE 


PRACTICE  OF  MEDICINE. 


Edited  by  Dr.  H.  von  IZIEMSSEN, 

PIlOFKSSOn  OP  CLINICAL  MEDICINE  IN  MUNICH,  BAVARIA. 


VOL.  XIII. 


DISEASES  OF  THE  SPINAL  COED 


AND 


.    MEDULEA  OBLONGATA. 

BY 

PitOF.  WILHELM   HEINEICH  ERB,  of  Heidelberg,  Baden. 

fntnslafcb 

EDWARD  G.  C4E0GHEGAN,  M.D.,  of  London;  BDWAUD  W.  SCHATJFFLEB,  M.D.  of  Kansns  City ; 
DAVID  F.  LINCOLN,  M.D.,  of  Boston ;  and  JOHN  A.  McCREERY,  M.D.,  of  New  York. 

ALBERT  H.  BUCK,  M.D.,  New  York, 

EDITOR  OP  ENOLISH  TIUNSLATION. 

LONDON : 

SAMPSON  LOW,  MARSTON,  SEARLE,  &  RIVINGTON, 

CROWN    BUILDINGS,   188   FLEET  STREET. 
1878. 


AH    rlijlitx  reservi'd. 


{Entei'ed  at  Stationers'  Hall.) 


CONTENTS. 


PAGE 

Introduction   3 

Anatomical  Introduction   7 

Bibliography   7 

Physiological  Introduction  '.   33 

Bibliography   33 

Sensory  conduction   35 

Motor  conduction   37 

Co-ordination  of  movements   39 

Vaso-motor  paths  and  centres   42 

Trophic  centres  and  paths   44 

Reflex  action   46 

Inhibition  of  reflex  action   51 

Centres  and  paths  for  the  innervation  of  the  viscera   53 

General  Symptomatology   66 

Disturbances  of  sensibility   66 

Diminution  of  sensory  action,  ausesthesia   67 

Exaggeration  of  sensory  action   73 

Disturbances  of  motility  ,   79 

Diminution  of  motility,  weakness  and  paralysis  ,   79 

Imperfect  co-ordination  of  movements,  ataxia   83 

Various  characteristic  gaits   90 

Increase  of  motility-spasm   97 

Alteration  in  the  velocity  of  the  motor  conduction   104 

Electri')  reaction  of  the  motor  apparatus   105 

Disturbances  of  reflex  activity   107 

Vaso-motor  disturbances   Ill 

Trophic  disturbances  ,   113 

Disturbances  in  the  urinary  and  sexual  apparatus   129 

Disturbances  of  digestion  and  defecation   138 

Disturbances  of  respiration  and  circulation   140 

Disturbances  of  the  oculo-pupillary  fibres,  the  various  cerebral  nerves, 

and  the  brain  itself   141 

General  Etiology  '   146 

Neuropathic  disposition   146 


iy  CONTENTS. 

PACE 

Sexual  excesses  and  irregularities   147 

Influence  of  age  and  sex  

General  disturbances  of  nutrition   151 

Propagation  of  neighboring  morbid  processes   151 

Exposure  to  cold   151 

Disturbances  of  circulation,  excessive  exertion  and  psychical  influences  . .  153 

Poisoning  and  the  local  development  of  various  infectious  diseases   153 

Acute  diseases   15-5 

Irritation  and  disease  of  peripheral  organs   154 

General  Diagnosis   155 

General  Therapeutics   1^0 

External  remedies   1^^ 

Cold   103 

Warmth  t   163 

Baths   Ifii 

Climate   175 

Electricity   1'''8 

Blood-letting  and  derivatives   185 

External  frictions   18G 

Internal  remedies   187 

Symptomatic  remedies  and  methods   193 

General  method  of  life   196 

Diseases  of  the  Membranes  of  the  Spinal  Cord   199 

HyperiEmia  of  the  Meninges  and  the  Cord  itself   199 

Bibliography  199 

Etiology  and  pathogenesis  200 

Pathological  anatomy  •  203 

Symptomatology   203 

Diagnosis   206 

Treatment  ;  207 

Meningeal  Hemorrhage  208 

Bibliography   208 

Etiology  and  pathogenesis   209 

Pathological  anatomy   210 

Symptomatology  211 

Course  and  termination   213 

Diagnosis   214 

Prognosis  and  treatment   215 

Inflammation  of  the  Spinal  Dura  Mater   216 

Bibliography   216 

Pachymeningitis  Spinalis  Externa   217 

Pathological  anatomy   218 

Symptomatology   219 

Diagnosis   220 

Prognosis  and  treatment  221 


CONTENTS. 


V 


PAGE 

Pachymeningitis  Spinalis  Interna   221 

Etiology  and  pathological  anatomy   222 

Symptomatology   223 

Diagnosis,  prognosis,  and  treatment   225 

Inflammation  of  the  Spinal  Pia  Mater   220 

Bibliography   226 

The  Acute  Form   229 

Etiology  229 

Pathological  anatomy   231 

Symptomatology   234 

Course,  duration,  termination   244 

Diagnosis   245 

Prognosis   247 

Treatment   248 

The  Chronic  Form   252 

Etiology   252 

Pathological  anatomy   253 

Symptomatology  255 

Course,  duration,  result   257 

Diagnosis   258 

Prognosis   259 

Treatment   260 

Tumors  of  the  Spinal  Membranes   263 

Bibliography   262 

Pathological  anatomy   264 

Etiology   208 

Symptomatology   208 

Course,  duration,  termination   273 

Diagnosis    274 

Treatment   276 

Addendum   277 

Anatomical  Changes  in  the  Spinal  Membranes,  without  clinical  signifi- 
cance  277 

Diseases  of  tub  Spinal  Cord   279 

Introduction   279 

Hyperajmia  of  the  Cord    280 

General  remarks   280 

Anaemia  of  the  Cord   281 

Bibliography   281 

Pathogenesis  and  etiology   282 

Pathological  anatomy   285 

Symptomatology   286 

Course,  duration,  termination  288 

Diagnosis,  prognosis  ,   289 

Treatment   290 


vi 


CONTENTS. 


PAGE 
291 

Spinal  Apoplexy  

Bibliography  

Pathogenesis  and  etiology  

Pathological  anatomy  

Symptomatology  

Course,  duration,  termination   301 

Diagnosis   303 

Prognosis  and  treatment   304 

Wounds  of  the  Cord   305 

Bibliography  305 

Etiology  306 

Pathological  anatomy  308 

Symptomatology   310 

Course,  duration,  termination   316 

Diagnosis  and  prognosis   317 

Treatment   318 

Slow  Compression  of  the  Cord   319 

Bibliography   319 

Etiology  and  pathogenesis   320 

Pathological  anatomy   324 

Symptomatology   327 

Course,  duration,  termination   328 

Diagnosis  339 

Prognosis   341 

Treatment    342 

Concussion  of  the  Spinal  Cord   344 

Bibliography  344 

Etiology  and  pathogenesis   345 

Pathological  anatomy  346 

Symptomatology  348 

Diagnosis   353 

Prognosis   355 

Treatment   356 

Spinal  Irritation   357 

Bibliography   357 

Etiology   360 

Symptomatology   361 

Course,  duration,  termination   363 

Diagnosis   365 

Prognosis  and  treatment   367 

Spinal  Nervous  Weakness   369 

Bibliography   369 

Etiology  

Symptomatology   _  _  3170 

Course,  duration,  termination   376 


CONTENTS.  Vii 

PAGE 

Diagnosis   378 

Prognosis   879 

Treatment  380 

(Translated  by  David  F.  Lincoln,  M.D.) 


Myelitis   382 

Bibliography   382 

Introduction   383 

History   385 

Myelitis  acuta  387 

Etiology  and  pathogenesis  388 

Pathological  anatomy. . ,  391 

Symptomatology   402 

Course,  duration,  termination   414 

Diagnosis   418 

Prognosis   420 

Treatment  422 

Myelitis  Chronica   426 

Etiology  and  pathogenesis  427 

Pathological  anatomy   429 

Symptomatology  438 

Course,  duration,  termination   448 

Different  forms  of  chronic  myelitis  449 

Diagnosis   453 

Prognosis   456 

Treatment   457 

Myelomalacia   467 

Bibliography   467 

Pathogenesis  468 

Pathological  anatomy   470 

Symptomatology   470 

Diagnosis,  prognosis,  treatment   471 

Multiple  Sclerosis   472 

Bibliography  472 

History   473 

Etiology  and  pathogenesis   475 

Pathological  anatomy   477 

Symptomatology   483 

(Translated  by  John  A.  McCreery,  M.D.) 


Course,  duration,  termination  605 

Diagnosis   507 

Treatment   512 


viii 


CONTENTS. 


PACS 

Tabes  Dorsalis  

Bibliograpby   ^^"^ 

History   ^'^'^ 

Etiology  and  pathogenesis   ^ — ' 

Pathological  anatomy  "^^^ 

Symptomatology   ^'^^ 

Course,  duration,  termination   "^^'^ 

Theory  of  the  disease  

Diagnosis   ^^'^ 

Prognosis   ^07 

Treatment   608 

Spasmodic  SpLaal  Paralysis   620 

Bibliography   620 

Introduction  and  history   621 

Etiology  and  pathogenesis   624 

Pathological  anatomy   625 

Course,  duration,  termination.   635 

Theory  of  the  disease   G30 

Complicaiions   638 

Diagnosis   642 

Prognosis   644 

Treatment   645 

Hemiplegia  et  Hemiparaplegia  Spinalis   646 

Bibliography   646 

History   646 

Etiology  and  pathological  anatomy   648 

Symptomatology  '   649 

Pathological  physiology   654 

Course,  duration,  termination   660 

Diagnosis   661 

Prognosis    662 

Treatment   662 

Poliomyelitis  Anterior  Acuta   668 

Bibliography  663 

History   664 

Definition   666 

Etiology  and  pathogenesis   667 

Pathological  anatomy   670 

Symptomatology   681 

The  poliomyelitis  anterior  acuta  in  children  681 

The  poliomyelitis  anterior  acuta  in  adults   699 

Course,  duration,  termination   7Q1 

Diagnosis   703 

Prognosis   706 

Treatment   7O7 


CONTENTS.  ix 

PAGE 

Poliomyelitis  Anterior  Chronica   712 

History   713 

Etiology   714 

Pathological  anatomy   716 

Symptomatology  717 

Diagnosis   728 

Prognosis   731 

Treatment   731 

Paralysis  Ascend  ens  Acuta   732 

Bibliography   732 

History   732 

Etiology  and  pathogenesis   735 

Pathological  anatomy   736 

Symptomatology   737 

Diagnosis   743 

Prognosis  745 

Treatment  746 

Intramedullary  Tumors   747 

Bibliography   747 

Pathological  anatomy   748 

Etiology   752 

Symptomatology  753 

Diagnosis  755 

Prognosis  and  treatment  756 

Secondary  Degenerations   757 

Bibliography   757 

History   758 

Etiology  and  pathogenesis   759 

Pathological  anatomy  767 

Symptomatology  774 

Diagnosis  776 

Prognosis   777 

Treatment   778 

Deformities  and  Malformations   779 

Bibliography  ,   779 

General  classifications   779 

Symptoms  of  spina  bifida   787 

Diagnosis   790 

Prognosis   791 

Treatment   791 

Rare  and  Doubtful  Diseases   794 

Syringomyelia   795 

Bibliography   795 

Pathogenesis  and  pathological  anatomy   796 

Symptomatology   800 


CONTENTS. 

PAGE 

Saltatory  Spasm  

Bibliography  801 

Symptomatology  

Etiology   808 

Treatment  808 

Tonic  Spasms   808 

Bibliography   808 

Symptomatology   809 

Etiology   814 

Treatment   814 

Intermittent  Spinal  Paralysis   814 

Bibliography   814 

Symptomatology   815 

Diagnosis   817 

Treatment   817 

Toxic  Spinal  Paralysis   816 

Bibliography   817 

General  remarks   818 

Paraplegia  dependent  on  Idea     819 

Bibliography   819 

Etiology   819 

Symptomatology  819 

Diagnosis   821 

Treatment   821 

(Translated  by  Edward  W.  Schauffler,  M.D.) 


Diseases  of  toe  Medulla  Oblongata   825 

Anatomical  Introduction   825 

Bibliogra,phy   825 

Physiological  Introduction   851 

Bibliography   851 

Motor  conduction   853 

Sensory  conduction   854 

The  respiratory  centres   857 

Centres  for  the  cardiac  movements   858 

Centres  of  speech  859 

Centre  of  deglutition  ,   860 

Vaso-motor  centre   801 

Nutritive  centres  for  certain  nervous  regions   863 

Centres  for  certain  secretions   862 

Pathological  Introduction  863 

Hyperemia  and  Hemorrhage   865 

Bibliography   865 

Etiology  and  pathogenesis   865 


CONTENTS.  XI 

PAQB 

Pathological  anatomy  ,   867 

Symptomatolofjy   868 

Diagnosis    874 

Prognosis  875 

Treatment   875 

Anccmia   876 

Bibliography   876 

Pathogenesis  and  etiology  877 

Pathological  anatomy  878 

Symptomatology   880 

Diagnosis   884 

Prognosis  ,,886 

Treatment   887 

Injuries  and  Wounds   887 

Bibliography   887 

Pathogenesis  and  etiology  888 

Pathological  anatomy   891 

Symptomatology   893 

Diagnosis   897 

Prognosis   899 

Treatment   900 

Acute  Bulbar  Myelitis  900 

Bibliography  900 

Etiology   901 

Pathological  anatomy   901 

Symptomatology   902 

Diagnosis   904 

Prognosis   904 

Treatment   904 

Progressive  Bulbar  Paralysis   905 

Bibliography   905 

History   906 

Pathogenesis  and  etiology     908 

Pathological  anatomy   910 

Symptomatology   915 

Course,  duration,  termination  933 

Complications   933 

Theory  of  the  disease   938 

Diagnosis   939 

Prognosis   942 

Treatment   04:} 

Other  Chronic  Diseases   947 

Bibliography   947 

Sclerotic  Centres   9t7 

Diffuse  Sclerosis  949 


CONTENTS. 


PAOB 


Tumors  of  the  Medulla   950 

Bibliography   950 

Pathological  anatomy   950 

Etiology   953 

Symptomatology   953 

Diagnosis   956 

Prognosis   957 

Treatment   957 


(Translated  by  Edward  G.  Geoghegan,  M.D.) 


DISEASES 

OP  THE 

SPIML  CORD  AND  ITS  ENVELOPES. 


ERB. 


^WEST-RIOINC 

MhOICO-CHmURGICAL  SOCJii  f 


INTRODUCTION. 


Our  knowledge  of  the  diseases  of  the  spinal  cord  is  rapidly 
extending.  This  numerous,  important,  and  interesting  class  of 
maladies,  long  neglected,  is  at  present  receiving  the  profound 
attention  of  various  classes  of  observers,  and  the  labors  bestowed 
upon  it  are  bearing  fruit  in  many  ways. 

This  improvement  forms  but  a  part  of  the  general  forward 
movement  of  the  last  twenty  or  thirty  years,  in  -vyhich  special 
pathology  has  shared  equally  with  other  branches  of  scientific 
medicine.  There  are,  however,  three  sources  from  which  our 
knowledge  of  the  diseases  of  the  spinal  cord  has  been  especially 
enriched. 

First  in  order,  and  most  important,  stands  the  improvement 
in  the  experimental  physiology  of  the  spinal  cord,  which  has 
been  made  within  the  period  of  twenty  or  thirty  years.  The 
study  of  this  subject  has  led  to  extremely  remarkable  and 
important  results,  many  of  which  yet  remain  a  matter  for  con- 
troversy or  doubt.  Unexpected,  even  insurmountable  difficul- 
ties, have  risen  to  obstruct  what  we  at  first  thought  an  easy 
quest ;  but  these  difficulties  have  served  only  as  incentives  to 
deeper  and  fuller  investigations,  which  have  proved  abundantly 
fruitful  of  isolated  facts,  often  of  the  greatest  value  in  path- 
ology. 

The  improved  methods  of  pathologico-anatomical  examina- 
tion have  been  equally  important  in  developing  our  knowledge 
of  the  diseases  of  the  cord.  Although  in  use  for  little  more  than 
ten  years,  they  have  been  constantly  receiving  improvements, 
and  have  already  added  greatly  to  our  knowledge  and  compre- 
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liension  of  the  facts.  By  their  means  many  diseases  have  been 
discovered,  whose  existence  was  not  even  suspected  by  those 
using  the  former  imperfect  methods  of  examination ;  through 
them  a  hitherto  unknown  degree  of  exactness  in  localizing  dis- 
ease has  been  rendered  possible,  and  we  have  learnt  to  refer  nu- 
merous morbid  phenomena  to  definite  local  changes  in  the  cord. 

Conjoined  with  physiological  research  and  an  improved,  intel- 
ligently directed  method  of  clinical  examination,  the  study  of 
pathological  histology  has  thrown  great  light  upon  the  general 
pathology  of  the  spinal  cord,  and  lias  led  to  the  most  interesting 
conclusions  in  respect  to  pathological  as  well  as  physiological 
processes. 

Finally,  we  may  mention  the  progress  of  tlierapeutics,  which 
has  lent  the  impulse  of  a  new  interest  to  the  study  of  many 
forms  of  disease  of  the  spinal  cord.  We  have  lately  learnt  to 
cure  a  number  of  such  diseases,  formerly  thought  incurable  ;  or, 
at  least,  we  have  been  enabled  to  improve  the  prognosis  in  many 
such.  This  we  mainly  owe  to  the  science  of  electro-therapeu- 
tics, which  has  made  so  many  contributions  to  the  pathology 
of  the  nervous  system  ;  not  a  few  of  the  advances  that  have 
been  made  in  spinal  pathology  are  associated  with  the  names  of 
electro-therapeutists.  Nor  is  balneo- therapeutics  (the  scientific 
aspect  of  which  has  greatly  improved  of  late)  less  deserving  of 
credit  in  this  respect. 

The  diseases  of  the  spinal  cord  have  thus  come  to  furnish  a 
most  attractive  and  interesting  field  for  scientific  research,  and 
one  most  fruitful  of  important  practical  results  ;  we  can  say  that 
the  progress  made  in  its  cultivation  has  been  of  late  years 
extremely  satisfactory. 

And  yet  it  must  be  stated  with  emphasis,  that  we  only  stand 
at  the  beginning  of  a  successful  development  of  the  subject,  and 
that  an  extremely  large  amount  of  work  remains  to  be  done. 

We  cannot  help  seeing  that  the  rich  results  of  physiological 
research  are  still  very  defective  and  uncertain  in  many  essential 
points ;  the  results,  indeed,  often  change  from  day  to  day  with 
each  new  method  and  new  observer,  and  they  are  far  from  always 
possessing  that  degree  of  exactness  and  trustworthiness  to  which 
physiological  research  would  lay  claim.    The  excessive  difficulty 
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of  the  subject  explains  why  it  is  that  in  many  points  we  have 
perhaps  not  yet  readied  the  root  of  the  matter. 

Nor  is  it  less  certain  that  the  researches  and  results  of  path- 
ological anatomy  are  still  far  from  trustworthy,  that  the  points 
thoroughly  explained  are  but  few,  and  that  the  general  patho- 
logical significance  of  the  commonest  and  most  important  morbid 
processes  in  the  spinal  cord  is  not  yet  clear.  The  impossibility 
of  observing  with  exactness  all  the  characters  of  a  fresh  spinal 
cord,  the  errors  and  uncertainties  attending  the  examination  of 
hardened  specimens,  and  finally,  the  undeniable  fact  that  these 
researches  have  given  us  no  information  at  all  in  regard  to  not  a 
few  diseases,  or  stages  of  diseases,  of  the  cord— these  circum- 
stances ought  to  make  us  very  cautious  about  viewing  these  dis- 
eases as  if  their  key  were  held  by  pathological  anatomy  alone. 

Practical  experience,  finally,  shows  us  that  the  treatment  of 
diseases  of  the  cord  is  still  without  hope  in  many  respects.  The 
number  of  desperate  cases  which  mock  at  all  kinds  of  treatment 
shows  us, with  continually  fresh  emphasis,  how  much  remains  to 
be  discovered  and  achieved. 

All  the  more  encouraging  is  the  way  in  which  the  work  is 
going  forward.  Numerous  investigators  are  busy  with  the  phys- 
iology and  pathology  of  the  spinal  cord  ;  every  daiy  brings  fresh 
discoveries,  new  additions  to  our  knowledge,  a  broadening  and 
clearing  of  our  views. 

It  is  obvious  that  it  is  extremely  hard  to  write  a  text-book 
of  diseases  of  the  spinal  cord  in  the  midst  of  this  crowding 
rapidity  of  growth  of  knowledge.  It  is  perhaps  impossible  to 
state  in  any  decided  terms  the  daily  changing  position  of  our 
knowledge ;  and  a  dogmatic  statement  like  the  present,  com- 
pelled as  it  must  be  to  shun  the  prolixity  of  a  monograph,  and  to 
refrain  from  the  thorough  discussion  of  debatable  questions, 
requires  every  species  of  caution  in  its  presentation. 

The  preceding  remarks  will  make  it  sufficiently  plain  why  we 
consider  the  clinical  point  of  view  as  the  most  important  one  at 
the  present  time.  We  write  for  the  practising  physician,  who 
encounters  the  actual  diseases  from  day  to  day.  For  him  it  is 
important  that  a  description  should  possess  unity  and  clearness, 
and  should  give  him  something  to  work  by.    We  have  therefore 
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laid  the  chief  stress  upon  the  clinical  presentation,  in  making 
which  we  have  rested  mainly  upon  the  basis  of  pathological 
physiology,  bestowing  meanwhile  a  due  share  of  attention  upon 
pathological  anatomy. 

One  thing  more  should  be  added.  After  long  deliberation, 
we  have  decided  that  the  special  descriptions  of  disease  should 
be  preceded  by  a  general  account,  which  has  grown  to  a  great 
size,  but  will  not,  M^e  hope,  be  found  superfluous  or  worthless. 

The  anatomical  introduction,  the  brief  statement  of  the  macro- 
scopic and  microscopic  anatomy  of  the  cord  and  its  membranes, 
with  a  synopsis  of  the  physiology  of  the  cord,  which  we  have 
placed  first,  are  justified  by  the  facts  that  these  things  are  indis- 
pensable to  the  understanding  of  the  diseases  ;  that  they  mostly 
escape  the  memory  of  the  practising  physician  in  the  course  of 
time ;  that  they  have  to  be  sought  in  text-books  and  journals 
which  are  not  often  possessed  by  practising  physicians,  and  that, 
even  in  such  works,  they  are  not  always  treated  with  regard  to 
the  patholog}^,  nor  even  with  a  proper  understanding  of  the 
latter. 

An  account  of  the  general  symptoms  seemed  to  us  most 
desirable  in  aiding  the  student  to  understand  the  pathological 
phenomena,  and  in  saving  repetitions  and  explanations  in  the 
special  division  of  the  work.  We  have,  therefore,  taken  pains  to 
present  in  this  part  a  brief  and  clear  account  of  researches  in 
physiology  and  pathological  anatomy,  and  of  clinical  observa- 
tions, pointing  out  by  the  way  the  chasms  which  exist  in  our 
knowledge. 

Finally,  it  seemed  not  undesirable  to  describe  the  general 
treatment,  especially  as  regards  electro- therapeutics  and  balneo- 
therapeutics— very  important  branches,  which,  at  the  present 
time,  have  hardly  received  a  connected  scientific  treatment ; 
although,  even  here,  we  have  had  to  point  out  many  defects  and 
obscurities — perhaps  more  than  had  been  anticipated. 
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L  Anatomical  Introduction. 

Cf.  Longet,  Anat.  et  physiol.  du  systfeme  nerveux.  German  transl.  by  Hein.  1847. — 
Koelliker,  Mikroskop.  Anatomie.  Handb.  der  Gewebelehre,  5.  Aufl. — Stilling, 
Neue  Untersuchungen  iiber  den  Bau  des  Riickenmarks.  1857. — Bidder  uud 
Kupffer,  Untersuch.  iiber  die  Textur  des  Ruckenmarks  u.  s.  w.  1857. — Schroe- 
der  van  d.  Kollc,  Bau  und  Function  der  Medulla  spinalis  und  oblongata. 
Braunschweig,  1859. — Goll,  Denkschrift  der  med.-chii-.  Gesellsch.  des  Cantons 
Zurich.  1860. — Frommann,  Untersuch.  uber  die  normale  u.  jiathol.  Anatomie 
des  Riickenmarks.  1864. — Beiters,  Untersuch.  iiber  Geliirn  und  Riickenmark 
des  Menschen  u.  s.  w.  1865. — M.  Schultze  in  Strieker's  Handb.  der  Gewebelehre. 
— Gerlach,  ibidem. — Henle,  Handb.  der  Anatomie.  HI.  Bd.  2.  Halfte. —  Wu7idt, 
Physiologische  Psychologie.  Leipzig,  1874. — G.  Lange,  Ueber  chron.  Riicken- 
marksentziindung.  Kopenhagen,  1874;  see  Schmidt's  Jahrb.  Bd.  168.  p.  238, 
1875. — Leyden,  Klinik  der  Rlickenmarkskrankheiten.  I.  1874. — Huguenin,  Allg. 
Pathol,  der  Krankheiten  des  Nervensystems.  1873. — Boll,  Histiologie  und  His- 
tiogenese  der  uerv.  Centralorgane.  Arch.  f.  Psych,  und  Nervenkrankheiten.  IV. 
p.  1.  1874. — Schiefferdecker,  Beitr.  zur  Kenntniss  des  Faserverlaufs  im  Riicken- 
mark. Arch.  f.  Mikroskop,  Anatomie.  X.  1874 ;  and  numerous  other  authorities. 

The  spinal  cord  is  suspended  in  the  vertebral  canal,  hanging 
almost  free,  and  with  a  considerable  degree  of  mobility. 

It  is  unnecessary  to  describe  the  vertebral  canal  in  this  place. 
As  points  of  practical  importance,  it  may  be  stated  that  its  ante- 
rior wall  is  perfectly  firm  and  solid,  being  composed  of  the  bodies 
of  the  vertebrfB,  with  the  interposed  disks  of  cartilage,  while  its 
posterior  and  lateral  walls  have  numerous  vacant  spaces,  which 
are  only  filled  up  by  ligaments  and  other  soft  parts,  as  nerves, 
blood-vessels,  etc.  The  lateral  spaces  (intervertebral  foramina) 
exist  along  the  entire  canal ;  the  posterior,  on  the  contrary  (inter- 
vertebral fissures),  are  distinctly  marked  in  no  place,  except  in 
the  cervical  region — particularly  at  the  two  uppermost  vertebrte 
— and  again  from  the  tenth  dorsal  vertebra  downward,  especially 
in  the  lumbar  part.    Throughout  the  greatest  part  of  the  dorsal 


8    ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

vertebral  column  these  fissures  are  completely  closed  by  the  ver- 
tebral arches,  which  cover  each  other  like  the  tiles  of  a  roof. 
From  this  it  is  manifest  what  portions  of  the  cord^  are  most 
exposed  to  external  injuries. 

The  cord  and  its  envelopes  are  far  from  filling  up  the  entire 
canal ;  and  this  circumstance  protects  the  cord  from  injurious 
pressure  in  the  most  movable  parts  of  the  column,  namely,  the 
cervical  and  lumbar  regions.  The  width  of  the  canal  varies  ;  it  is 
greatest  in  the  regions  of  the  neck  and  loins,  least  in  the  dorsal 
region,  especially  from  the  sixth  to  the  ninth  dorsal  vertebra ; 
within  the  sacrum  it  rapidly  diminishes.  The  shape  of  its  trans- 
verse section  is  nearly  circular  in  the  dorsal  region,  while  in 
the  cervical  and  lumbar  regions  it  is  drawn  out  laterally,  and 
assumes  nearly  the  form  Of  an  obtuse-angled  triangle,  with  its 
basis  directed  forward  ;  in  the  sacrum  it  has  the  form  of  a  half- 
moon,  with  the  convexity  directed  backward. 

The  length  of  the  cord  is  much  less  than  that  of  the  canal. 
Its  extreme  tip  (the  end  of  the  conns  terminalis)  lies  in  adults  at 
or  near  the  boundary  between  the  first  and  second  lumbar  ver- 
tebrae. Fehst '  asserts  that  a  dilference  exists  between  the  sexes 
in  this  respect ;  in  men,  the  lower  edge  of  the  first,  in  women, 
the  lower  edge  of  the  second  lumbar  vertebra  forming  the  extreme 
limit  of  the  cord. 

It  is  a  matter  of  some  practical  importance  to  be  able  easily 
to  distinguish  the  different  regions  of  the  canal,  in  order  to  define 
with  accuracy  the  location  of  a  given  disease ;  this  is  done  by 
palpation  and  counting  the  spinous  processes.  Thus,  we  easily 
recognize  the  spinous  process  of  the  second  cervical  vertebra, 
and  that  of  the  seventh  (vertebra  prominens),  from  which  points 
the  separate  processes  can  easily  be  counted  by  palpation.  It  is 
not  so  easy  to  recognize  the  spinous  process  of  the  twelfth  dorsal 
by  the  insertion  of  the  twelfth  rib. 

The  greatest  part  of  the  cavity  of  the  canal  is  lined  with  a 
hard  periosteum,  covering  the  bony  walls  in  every  part. 

Within  the  canal,  the  cord  is  covered,  first,  by  a  cylindrical 


'  Spinal  cord  :  the  term  will  be  thus  used  henceforward. 
'  Oentralbl.  f.  d.  med.  Wissensch.  1874.  No.  47. 
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fibrons  sac  of  wide  dimensions,  the  dura  mater  spinalis,  which 
begins  at  the  foramen  occipitale  magnum,  to  tlie  edges  of  which 
it  is  firmly  attached,  and  terminates  by  contracting  itself  around 
the  filum  terniinale,  finally  losing  itself  in  the  periosteum  of  the 
coccyx.  The  outer  surface  of  the  dura  is  not  closely  connected 
with  the  walls  of  the  canal,  but  is  separated  from  them  by  a 
loose,  moist,  connective  tissue,  with  abundance  of  fat,  which 
envelops  every  part  of  the  dura  in  a  layer  of  greater  or  less 
thickness.  The  inner  surface  of  the  dura  is  smooth  and  shining, 
and  covered  with  several  layers  of  pavement  epithelium.  The 
neurilemma  of  the  nerve-roots  which  perforate  the  sac  of  the 
dura  unites  with  the  tissue  of  the  latter. 

The  dura  is  supplied  with  arterial  blood  by  the  vertebral, 
intercostal,  and  lumbar  arteries  ;  its  venous  blood  passes  off  by 
veins  which  form  large  plexuses  in  the  loose  cellular  tissue  of  the 
anterior  and  posterior  surfaces  of  the  dura,  connected  with  the 
external  vertebral  plexuses.  Numerous  nerve-fibres  are  supplied 
to  the  tissue  of  the  dura  and  the  periosteum  of  the  canal. 

The  pia  mater  spinalis,  the  so-called  vascular  coat,  lies  much 
closer  to  the  cord.  It  envelops  the  cord  in  the  closest  manner 
from  top  to  bottom  ;  it  forms  an  exactly  fitting  cylindrical  sheath 
for  the  cord,  containing  the  blood-vessels  that  belong  to  it,  and 
closely  united  in  every  part  with  it ;  it  sends  numerous  sheath- 
like processes  into  the  interior  of  the  cord,  which  divide  into 
many  branches,  spreading  in  all  directions  among  the  nervous 
elements  of  the  cord,  forming  a  framework  for  the  support  of 
these  elements,  and  imparting  to  the  cord  a  due  degree  of  firm- 
ness ;  the  largest  of  these  processes,  easily  visible  to  the  naked 
eye,  lies  in  the  anterior  median  fissure  of  the  cord,  while  a 
smaller  one  is  seen  in  the  posterior  fissure  ;  but  numberless  finer 
processes  pass  into  the  substance  of  the  cord  from  the  entire 
periphery  of  the  pia. 

The  pia  mater  is  a  membrane  of  connective  tissue  of  consider- 
able toughness  and  firmness  ;  it  consists  almost  wholly  of  waved 
connective  tissue,  is  extremely  rich  in  blood-vessels  (which  will 
be  further  described  in  speaking  of  the  blood-supply  of  the  cord), 
and  is  also  rich  in  nerves,  which  originate  from  the  posterior 
roots.    Often,  especially  in  old  people,  the  pia  is  strikingly  rich 
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in  pigment,  so  as  to  have  a  light  gray  or  brownish  tint ;  this  is 
commonest  at  the  cervical  part,  and  is  by  no  means  always  path- 
ological. 

The  pia  is  joined  to  the  dura  on  either  side  by  from  twenty 
to  twenty-three  processes  of  a  three-cornered  shape ;  they  are 
arranged  in  two  perpendicular  rows,  one  on  each  side  of  the 
cord,  with  their  bases  inserted  into  the  pia,  and  their  points  into 
the  dura.    They  constitute  the  ligamentum  denticulatum. 

The  pia  accompanies  the  filum  terminale  to  the  end  of  the 
canal,  and  is  there  united  with  the  dura  and  the  periosteum  of 
the  coccyx. 

Between  the  dura  and  the  pia  lies  the  araclmoid.  Henle 
describes  it  as  an  unusually  loose,  watery,  areolar  tissue,  which 
becomes  compacted  in  the  direction  of  the  dura  to  a  connected, 
delicate,  resistant  layer  {arachnoid  proper)^  while  its  inner  por- 
tion passes  directly  into  the  tissue  of  the  pia.  Between  the  inner 
and  the  outer  thickened  layers  (viz.,  the  pia  and  the  arachnoid) 
there  exists,  therefore,  a  loose  areolar  tissue,  which  is  designated, 
and  with  propriety,  as  subarachnoid  tissue. 

The  fluid  which  this  tissue  contains  in  abundance  is  of  great 
importance,  and  forms  that  part  of  the  cerebrospinal  fluid 
which  is  contained  in  the  spinal  canal.  It  is  clear,  contains  but 
a  small  amount  of  solids,  and  appears  poor  in  microscopic 
elements.  Its  quantity  in  the  adult  amounts  to  about  sAxij 
grammes,  but  varies  considerably.  It  exists  under  a  certain 
positive  though  moderate  pressure.  When  the  dura  is  pierced 
and  the  arachnoid  also  injured,  it  flows  off. 

The  function  of  this  fluid  is,  without  doubt,  that  of  protect- 
ing the  cord  from  mechanical  injuries  ;  by  keeping  it  floating  in 
a  fluid,  it  preserves  as  equal  a  pressure  as  possible,  and  perhaps 
also  regulates  the  circulation  and  the  pressure  in  the  blood- 
vessels. A  sudden  evacuation  of  this  fluid  in  cases  of  injur}^  to 
the  dura  is  followed  by  serious  disturbances,  which  are,  how- 
ever, doubtless  due  in  part  to  cerebral  implication. 

The  spinal  fluid  is  not  in  a  state  of  repose,  but,  as  Quincke  ^ 
has  recently  given  exact  proof,  is  constantly  undei-going  a 

'  Zur  Physiologie  der  Gerebrospiualfliissigkeit,  Reichert's  and  Du  Bois-Reymond'a 
Archiv.  1872.  Heft  3. 
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double  motion  :  first,  it  moves  to  and  fro  in  the  subarachnoidal 
tissue,  under  the  inliuence  of  respiration  ;  and  second,  it  is  con- 
tinually secreted  under  a  definite  pressure  by  the  blood-vessels, 
and  as  continually  passes  olf  by  certain  channels  into  the 
lymphatic  vessels.  These  channels  for  the  spinal  fluid  are 
chiefly  situated  in  the  nerve -trunks  w^liich  leave  the  spinal  canal. 
It  is  obvious  that  these  motions  in  the  spinal  fluid  may  be  of  the 
greatest  importance  in  the  propagation  of  morbid  meningeal 
processes,  in  the  removal  and  transportation  of  inflammatory 
and  other  products. 

The  spinal  cord  (medulla  spinalis)  is  a  cylindrical  cord,  some- 
what flattened  in  front  for  a  great  part  of  its  length,  and  not  in 
every  part  of  equal  thickness.  It  does  not  nearly  fill  the  sac  of 
the  dura,  but  is  closely  wrapped  by  the  pia.  After  removal  of 
the  attached  roots,  it  is  easy  to  discern  two  swellings,  the  cervi- 
cal enlargement  and  the  lumbar  enlargement.  While  the  thin- 
nest part  of  the  cord,  that  in  the  dorsal  region,  has  a  transverse 
diameter  of  about  10  mm.,  and  a  sagittal  diameter  of  about  8 
ram.,  the  cervical  enlargement  measures  13  or  14  by  10  mm.,  and 
the  lumbar  enlargement  12  by  9  mm.  The  diameter  of  the  upper 
cervical  region  remains  about  11  or  12  mm. 

The  spinal  cord  begins  where  the  medulla  oblongata  termi- 
nates, but  without  any  sharp  line  of  demarcation.  Its  upper- 
most limit  is  best  placed  just  above  the  point  of  exit  of  the  first 
pair  of  cervical  nerves,  lying  at  about  the  height  of  the  upper 
edge  of  the  posterior  arch  of  the  atlas.  Its  conical  tip  (conus 
terminalis)  is  situated  opposite  the  body  of  the  first  or  second 
lumbar  vertebra.  The  lumbar  enlargement  reaches  from  the 
beginning  of  the  conus  terminalis  upward  to  the  tenth  dorsal 
vertebra ;  the  cervical  enlargement,  from  the  second  dorsal 
upward  to  near  the  middle  of  the  cervical  column,  at  the  third 
or  fourth  vertebra.  Tlie  lower  end  of  the  conus  terminalis  is 
prolonged  into  the  filum  terminale,  wiiich  reaches  to  the  end  of 
tlie  canal.    The  average  length  of  the  cord  is  from  35  to  40  cm. 

The  consistency  oC  the  cord  varies  somewhat  in  individual 
cases  ;  in  the  perfectly  fresh  state  it  is  quite  tough  and  elastic, 
and  easy  to  cut  ;  its  cut  surface  is  then  smooth,  and  seldom 
pushes  over  the  edges  ;  shortly  after  death  it  begins  to  grow  soft 
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and  deliquescent,  and  thus  offers  much,  greater  obstacles  to 
examination. 

Besides  these  features,  we  observe  in  the  cord  a  number  of 
grooves,  which,  even  when  seen  from  without,  give  a  hint  of  the 
internal  construction  of  the  cord. 

On  the  somewhat  flattened  anterior  aspect,  we  find  the  ante- 
rior median  groove  running  down  the  whole  length  of  the  cord, 
which,  sinking  into  the  cord,  forms  the  broad  fissura  longitudi- 
nalis  anterior,^  reaching  nearly  to  the  centre  of  the  cord,  and 
containing  a  large  process  of  the  pia  mater. 

On  the  posterior  aspect  a  similar  groove  runs  from  top  to 
bottom,  the  posterior  median  groove,  which,  in  like  manner, 
sinks  to  a  fissura  longitudinalis  posterior,'^  directed  in  the  sagit- 
tal line  towards  the  centre  of  the  spinal  cord.  This  fissure  also 
contains  a  process  of  the  pia  mater,  though  a  much  smaller  one, 
closely  attached  to  the  adjacent  walls  of  the  fissure. 

These  two  fissures  divide  the  cord  in  two  symmetrical  lateral 
halves,  which  are  united  by  a  narrow  bridge  composed  of  the 
white  and  gray  commissures.  The  anterior  fissure  is  broader 
than  the  posterior,  but  shallower. 

After  these  fissures,  the  first  thing  to  observe  are  the  nerve- 
roots  which  leave  the  cord,  arranged  in  a  double  row,  one  on 
each  side.  The  posterior  root-fibres  lie  in  a  perpendicular  line 
above  one  another,  and  form  an  almost  continuous  row,  which 
maintains  a  given  distance  from  the  posterior  median  fissure,  but 
gradually  approaches  it  as  they  descend.  If  all  the  root-fibres 
are  removed,  their  points  of  exit  form  a  sort  of  longitudinal 
groove,  called  the  sulcus  lateralis  posterior,  or  posterior  lateral 
fissure. 

The  anterior  root-fibres  do  not  leave  the  cord  in  a  single  row, 
but  are  scattered  over  a  stripe  about  2  mm.  broad,  on  the  anterior 
portion  of  each  side  of  the  cord.  Their  distance  from  the  ante- 
rior median  groove  is  also  definite,  but  by  degrees  becomes  less. 
When  the  root-fibres  are  removed,  this  stripe  is  plainly  marked, 
and  is  designated  as  the  anterior  lateral  fissure — sulcus  lateralis 
anterior. 

'  Anterior  median  fissure  of  Quain. 
'  Posterior  median  fissure  of  Quain. 
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In  the  upper  half  of  the  cord  anotlier  fissure  or  groove  is 
visible,  lying  about  half-way  between  the  posterior  median  and 
the  posterior  lateral  fissures,  and  designated  as  the  sulcus  inter- 
nneclius  posterior. 

These  fissures  are  commonly  used  to  bound  the  regions  of 
the  white  substance  of  the  cord.  In  each  lateral  half,  the  white 
mass  lying  between  the  anterior  median  and  the  anterior  lateral 
fissure  is  called  the  anterior  column;  the  mass  lying  between 
the  anterior  and  the  posterior  lateral  fissure  is  called  the  lateral 
column  /  and  the  white  matter  between  the  posterior  lateral  and 
the  posterior  median  fissure  is  named  the  posterior  column. 
In  the  upper  division  of  the  cord,  this  posterior  column  is  again 
divided  by  the  sulcus  intermedins  posterior  into  two  columns, 
which  are  genetically  quite  distinct  (Pierret),  and  which  claim  a 
very  special  significance  in  pathology ;  the  median  portion  of  the 
posterior  column,  adjacent  to  the  posterior  median  fissure,  is 
called  the  wedge-sJiaped  column  of  Goll,  or  funiculus  gracilis 
(zarter  Strang) ;  while  the  lateral  portion,  which  adjoins  the 
posterior  lateral  fissure,  is  called  funiculus  cuneatus  (Keilstrang). 

Most  of  these  divisions  of  the  white  mass  of  medulla  are  more 
or  less  arbitrary  ;  the  finer  anatomy  of  the  cord  recognizes  only 
the  sharp  division  of  the  anterior  and  posterior  median  fissures. 
Pathological  facts,  however,  not  only  justify  the  above  division 
of  the  posterior  cords,  but  permit  a  division,  not  sharply  made, 
into  outer  and  inner  anterior  column,  and  posterior  and  ante- 
rior lateral  column. 

The  anterior  and  posterior  nerw-roots  arising  from  each  lat- 
eral half  of  the  cord  converge,  and,  after  uniting,  pierce  the  dura 
and  pass  to  the  intervertebral  foramina ;  the  posterior  root  of 
each  spinal  nerve  enlarges  to  a  ganglion  {ganglion  spinale)  before 
entering  the  foramen,  while  the  anterior  root  passes  by  this  gan- 
glion and  unites  farther  on  with  the  posterior  root  to  form  a 
spinal  nerve.  The  distances  between  the  origins  of  roots  being 
less  than  those  between  the  intervertebral  foramina,  the  low(jr 
roots  are  compelled  to  take  a  more  and  more  oblique  course  in 
order  to  reach  the  foramina  ;  those  from  the  conus  terminal  is  run 
almost  parallel,  forming  a  bundle  of  nerves  descending  within 
the  sac  of  the  dura  mater,  named  cauda  eqidna. 
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This  is  nearly  all  that  can  be  seen  upon  external  inspection 
of  the  cord. 

In  studying  the  inner  structure  of  the  cord  it  is  necessary, 
above  all,  to  attend  to  cross- sections ;  they  give  the  best  infor- 
mation, and  by  mentally  joining  the  results  of  the  various  sec- 
tions for  the  whole  length  of  the  cord,  a  correct  idea  is  gained  of 
the  peculiarly  complicated  columnar  structure  of  the  cord. 

In  any  section  we  may  make  we  recognize  first  a  division  into 
two  substances :  the  central  gray  or  gray -reddish  mass,  irregu- 
larly defined,  and  of  a  peculiar  shape,  generally  resembling  that 
of  the  letter  H,  called  the  gray  substance ;  and  a  peripheral 
white  mass  surrounding  the  gray,  filling  in  the  irregular  outlines 
of  the  latter,  and  giving  to  the  whole  the  form  of  a  cylinder, 
called  the  white  substance.  The  latter  is  divided  into  the  above- 
named  columns  by  the  fissures  and  the  nerve-roots,  a  division 
which,  in  the  lateral  parts,  is  distinct  only  upon  the  surface,  and 
does  not  extend  clearly  into  the  mass  of  the  white  substance. 

When  we  look  closely  at  a  section  of  the  cord,  we  discover  in 
its  centre  a  fine  canal,  often  filled  with  tissue  elements  or  patho- 
logical products — the  canalis  centralis.  This  canal  opens  up- 
ward into  the  fourth  ventricle ;  at  the  lower  end  of  the  cord,  at 
the  tip  of  the  conus  terminalis,  it  expands  to  a  small  cavity— the 
ventriculus  terminalis  lately  described  by  Krause  ^ — which  again 
opens  into  the  cavity  of  the  filum  terminale. 

The  central  canal  is  surrounded  by  a  partly  gray  and  partly 
white  mass,  which  joins  the  two  halves  of  the  medulla  ;  the  gray 
portion  of  this  bridge,  in  which  the  central  canal  lies,  is  behind, 
and  is  called  the  gray  or  posterior  commissure  ;  the  white  por- 
tion lies  in  front,  borders  directly  upon  the  anterior  median  fis- 
sure, and  is  called  the  white  or  anterior  commissure.  See  Fig. 
2,  r  and  q. 

From  this  median  region  the  gray  matter  extends  in  consid- 
erable mass  and  peculiar  form  into  each  half  of  the  medulla. 
I^  anterior  part  is  rounded  and  broad,  and  pushes  towards  the 
antero-lateral  column  ;  its  posterior  part  is  narrower  and  more 
pointed,  and  points  directly  to  the  posterior  lateral  fissure ;  it 
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bounds  the  posterior  columns  externally,  and  separates  them 
from  the  lateral  columns.  The  two  parts  of  the  gray  substance 
are  connected  ;  they  are  bounded  outwardly 
by  a  line,  which  is,  in  general,  concave  on  its 
outer  side.  But  this  line  is  u-regularly  pressed 
outward  in  many  places  by  projecting  masses 
of  gray  matter,  and  has  scarcely  the  same 
form  in  any  two  sections.    See  Fig.  1. 

The  anterior  rounded  part  of  the  gray  sub- 
stance is  called  the  anterior  cornu,  or,  better, 
when  considered  as  extending  through  the 
entire  length  of  the  cord,  the  anterior  pil- 
lar;  the  posterior  acute  portion  is  called 
the  posterior  cornu,  or,  better,  the  posterior 
pillar.  Subsequent  examination  will  show 
that  the  gray  substance  differs  very  much  in 
elementary  composition  at  different  heights. 

This  may  be  seen,  without  the  aid  of  a  mi- 
croscope, by  observing  that  the  form  of  the 
transverse  section  of  the  gray  matter  differs 
extremely  in  different  sections  of  the  cord,  as 
a  glance  at  Fig.  1  will  show. 

The  section  made  in  the  dorsal  region  is 
the  smallest,  and  most  resembles  a  Roman  H, 
with  its  fore  limbs  rounded  and  its  hinder 
ones  pointed  (Fig.  1 ;  4  and  5) ;  in  the  cervical 
and  lumbar  enlargements  it  is  much  thicker, 
is  provided  with  rounded  horns,  swelling  into 
heads,  and  is  enlarged  by  deposits  of  various 
shapes  (Fig.  1 ;  2,  3,  6,  7).  There  is  no  doubt 
that  these  enlargements  of  the  spinal  cord 
are  chiefly,  if  not  exclusively,  due  to  the  in- 
crease in  the  gray  substance. 

In  many  portions  of  the  cord  various  pro- 
cesses are  seen  to  leave  the  lateral  portions  of 
the  gray  matter,  lisually  containing  bundles 
of  nerve-fibres,  which  radiate  to  various  depths  in  the  white 
matter ;  these  processes  meet  and  form  a  kind  of  network,  which 


Sections  of  the  human  spi- 
nal ™nl  taken  at  (UfTerent 
helglita.    Miiftnifiod  '/,• 

1.  Upper  ecTvlcal  portion. 

"iy'i.  Uorvical  cnlariicment. 

4,  5.  Dorsal  portion. 

<>,7.  Lumbar  onlnrf;cmcnt. 

8.  Conus  termlnaliB. 
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encloses  separate  portions  of  tlie  white  columns,  rendering  tlie 
outer  boundary  of  the  gray  matter  very  uneven  and  jagged. 

These  gray  bundles  of  fibres  are  called  processus  reticulares. 
They  are  most  marked  at  the  boundary  between  the  anterior  and 
posterior  cornua  (Fig.  2,  p).  In  the  cervical  and  upper  dorsal 
part  of  the  cord  a  triangular  prismatic  process  projects  from  the 
basis  of  the  anterior  cornu  in  front  of  these  reticular  processes 
into  the  lateral  column,  which  has  been  designated  the  tractus 
inter medio-later alls  (Fig.  2,  o). 


Fio.  2. 

Semidiagrammatic  section  of  the  cord  about  the  lower  part  of  the  cervical  enlargement.  Maemified  '/,. 
a.  Anterior  median  fiRSure.  b.  Posterior  median  Assure,  c.  Anterior  column,  d.  Lateral  column,  e.  Pos- 
terior column.  /.  GoU's  wedge-shaped  column  (Zarter  Strang),  g.  Funiculus  cuneatus.  A.  Anterior  roots. 
i.  Posterior  roots,  k.  Central  canal.  I.  Sulcus  intermedins  posterior,  m.  Anterior  pillar  (cornu).  n. 
Posterior  pillar  (cornu).  o.  Tractus  intermedio-lateralis.  p.  Processus  reticulares.  q.  Anterior  or 
white  commissure,   r.  Posterior  or  gray  commis.sure.   s.  Clarke's  column  or  columna  vesicularis. 

An  exact  idea  of  these  forms  is  only  to  be  gained  by  the 
repeated  examination  of  good  sections  from  the  hardened  cord, 
under  various  powers  of  the  microscope. 

All  the  unevenness,  indentations,  faults  in  the  contour  of  the 
gray  matter,  are  filled  out  by  the  wliite  siLbstance,  which  sur- 
rounds the  gray  in  a  layer  of  various  thickness  like  a  cloak,  and 
gives  to  the  cord  its  external  form  of  a  more  or  less  perfect  cylin- 
der. The  mass  of  white  substance  diminislies  slowly  but  per- 
ceptibly in  the  downward  direction  (Gerlach) ;  it  disappears 
wholly  at  the  commencement  of  the  filum  terminale. 
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The  white  substance  is  traversed  by  numerous  radiating  septa 
of  various  degrees  of  fineness,  and  by  the  nerve-roots,  whicli 
cross  it  from  the  gray  matter  to  tlie  surface  in  a  similar  radiating 
manner.  Tlie  septa  are  connected  by  numerous  branches,  whicli 
divide  up  the  held  of  white  substance  into  numerous  rhombic 
districts  uf  various  size,  in  which  the  nerve-fibres  of  the  white 
substance  are  contained.  The  septa  and  septula  thus  compose  a 
tine  and  complex  network,  enclosing  the  vessels  of  the  cord  and 
the  nerve-fibres. 

At  its  outer  border,  just  under  the  pia  mater,  the  white  sub- 
stance is  again  enclosed  by  a  very  fine  layer  of  gray.  This  sur- 
sounds  the  white  substance  like  a  thin  overcoat,  accompanies  the 
processes  of  the  pia  which  enter  the  cord,  and  separates  the 
nerve-bundles  proper  from  the  septa ;  it  sends  out  from  the  septa 
numerous  offshoots,  which  penetrate  among  the  nerve-fibres  and 
envelop  each  one  completely.  Most  later  observers  are  agreed 
in  considering  that  this  substance  is  almost,  if  not  entirely,  com- 
posed of  the  connective  substance  of  the  cord  (neuroglia). 

.  Comparing  now  the  sections  with  each  other,  we  obtain  the 
following  plastic  view  of  the  structure  of  the  cord  : 

Its  nucleus  is  formed  by  a  pillar  of  gray  matter  which  tra- 
verses the  whole  length  of  the  cord.  This  may  be  approximately 
compared  with  a  channelled  column  of  somewhat  irregular  fonuj 
perforated  by  a  fine  canal  in  its  centre,  and  j)ossessing  four  chief 
projections  and  four  intervening  depressions.  This  pillar  is  thin 
and  slender  everywhere,  but  is  made  thicker  by  accessions  of 
new  matter  in  the  cervical  and  lumbar  regions. 

Its  forward  projections  are  rounder,  broader,  more  massy^ 
forming  the  anterior  cornua  ;  its  posterior  projections  are  sharp- 
er, more  slender,  narrower,  forming  the  posterior  cornua.  The 
nerve-roots  pass  off  from  each  of  the  four  projections  in  the  form 
of  fringes. 

Of  the  four  depressions,  the  anterior  and  posterior  are  the 
deeper,  smoother,  and  more  regular;  the  two  lateral  are  shallower 
and  less  regular;  their  bases  are  made  irregular  everywhere  by 
the  deposition  of  gray  masses,  by  projections  and  knobs  upon 
the  pillar  ;  in  parts  they  are  wliolly  filled  up,  and  here  and  there 
a  longitudinal  ridge  comes  out  into  them. 

VOL.  XIIL— 2 
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The  "white  substance  is  as  it  were  pressed  into  these  chan- 
nels, as  when  a  soft  clay  is  used  to  fill  up  the  flutings  of  a 
pillar  and  smooth  over  its  irregularities.  Being  smoothed  off 
exteriorly,  these  white  masses  finish  the  round  outline  of  the 
column.  The  white  substance  may  also  be  conceived  of  as  com- 
posed of  long  strings  or  ribbons  which  fit  exactly  into  the  exist- 
ing cavities  and  spaces,  and  are  laid  into  the  channels  of  the 
central  gray  pillar. 

The  whole  is  then  covered  in  with  a  fine  gray  mantle,  which 
closely  embraces  the  cord,  as  does  the  pia  mater. 

Blood-vessels  and  lymphatics  of  the  cord.  The  tissue  of  the 
cord  is  rich  in  blood-vessels  ;  the  gray  substance  possesses  an 
especially  rich  capillary  network.  All  the  blood-vessels  arise 
from  the  pia ;  they  pass  into  the  cord  through  the  processes 
of  the  pia,  and,  following  their  ramifications,  send  an  abundant 
network  of  capillaries  into  the  gray  and  wliite  substance. 

The  arteries  of  the  pia  originate  in  the  vertebral  arteries. 
Each  vertebral  artery  gives  off  an  anterior  and  a  posterior  spinal 
artery.  The  two  anterior  spinal  arteries  unite  in  a  single  stem, 
which  runs  down  along  the  whole  length  of  the  cord  without 
much  loss  of  diameter  to  the  conus  terminalis  ;  this  arteria 
impar  is  reinforced  at  the  level  of  each  pair  of  nerve-roots  by 
small  arteries  which  originate  in  the  intercostal  and  lumbar 
arteries,  and  pass  through  the  intervertebral  foramina  with  the 
nerve-roots  ;  on  the  other  side  it  distributes  numerous  fine  twigs 
to  the  pia  and  cord,  and  finally,  at  the  foot,  it  forms  two  anas- 
tomoses with  the  posterior  spinal  arteries, — The  posterior  spinal 
arteries,  one  on  each  side,  run  down  underneath  the  posterior  roots, 
with  each  pair  of  nerves  receiving  fine  branches  of  communi- 
cation from  the  intercostals,  and  sending  off  numerous  fine  twigs 
to  the  pia  and  the  cord. 

It  therefore  seems  plain  that  the  pia  mater  and  cord  are 
principally  nourished  by  the  vertebral  arteries,  and  next  to  them 
chiefly  by  the  intercostals. 

The  capillaries  of  the  cord  discharge  their  blood  directly  into 
two  central  venous  trunks,  lying  to  right  and  left  of  the  cen- 
tral canal  within  the  gray  commissure  (Fig.  2),  and  running  the 
whole  length  of  the  cord.    By  their  numerous  horizontal  con- 
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nections  tliey  distribute  their  blood  to  the  outer  veins  of  the 
cord ;  of  these  the  greatest  and  most  important  is  the  vena 
mediana  spinalis  anterior,  which  runs  the  whole  length  of  the 
cord,  lying  behind  the  anterior  spinal  artery  in  the  anterior 
median  fissure.  Down  the  posterior  median  fissure  runs  the 
vena  mediana  spinalis  posterior,  which  increases  gradually  in 
size  as  it  descends.  Numerous  venous  networks,  which  also 
increase  in  calibre  as  they  descend,  unite  these  external  veins 
to  each  other.  The  latter  transmit  their  blood  (through  branches 
which  run  with  the  nerve-roots  and  pierce  the  dura)  to  the 
great  spinal  plexuses,  which  lie  in  the  loose  fatty  tissue  sur- 
rounding the  dura,  and  anastomose  with  the  outer  vertebral 
plexuses,  etc. 

Regarding  the  lympTiatic  passages  in  the  cord,  little  is  known 
exactly.  The  perivascular  lymph-spaces  first  carefully  described 
by  His  (and  since  more  fully  by  Boll  and  Adler — see  Archiv  f. 
Psychiatrie  u.  Nervenkr.  Bd.  IV.  and  V.),  are  said  also  to  exist 
in  the  cord.  They  stand  in  connection  with  a  large  Ij^mph-space, 
lying  between  the  pia  and  the  cord,  from  which  the  lymph  is 
carried  through  the  lymphatics  of  the  pia.  According  to 
Schwalbe  the  subarachnoidal  space  is  also  a  lymph-space,  but 
not  directly  connected  with  the  perivascular  lymph-spaces  of  the 
cord. 

Finer  structure  of  the  cord.  The  cord  is  composed  of  very 
various  tissue-elements,  for  the  exact  histological  description  of 
which  we  refer  to  hand-books  of  histology ;  as  regards  the  finer 
structure  of  the  important  nervous  elements,  compare  the  article 
by  M.  Scliultze  in  "Strieker's  Manual  of  Histology."  In  this 
place  only  a  brief  sketch  can  be  given. 

Nerve-fibres.,  both  medullated  and  non-medullated,  occur  in 
the  spinal  cord.  All  these  are  completely  destitute  of  Schwann's 
sheath,  or,  at  all  events,  it  has  not  been  demonstrated  by  the 
present  methods  of  research.  The  medullated  fibres  compose  the 
greatest  part  of  the  white  substance  and  the  anterior  commis- 
sure ;  they  occur  of  very  various  diameter,  the  thickest  being 
found  in  the  anterior  columns  ;  the  funiculi  graciles  contain  only 
slender  fibres.    In  all,  the  axis  cj^linder  may  plainly  be  seen  in 
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cross-section,  and  its  diameter  is  nearly  proportioned  to  that  of 
the  medullary  sheath.  The  finest  meduUated  fibres  are  found  in 
the  gray  matter,  of  whicli  they  form  a  preponderant  element. 
They  pass  in  all  directions  through  the  gray  matter,  both  isolated 
and  in  bundles,  and  frequently  dividing  up.  TJie  non-medul- 
lated  fibres,  analogues  of  the  naked  axis  cylinders,  are  only 
found  in  the  gray  matter,  in  which  they  ramify  to  a  very  great 
extent ;  their  finest  branches  unite  to  form  a  close  mesh- work, 
which,  with  the  ganglion-cells,  is  especially  characteiistic  of  the 
gray  substance  (Gerlach).  And  a  few  bundles  of  larger  fibres 
with  medullary  sheaths,  originating  in  the  nerve-roots,  pass 
through  the  gray  substance  for  short  distances. 

The  cellular  nervous  elements,  the  ganglion-cells^  are  found 
almost  exclusively  in  the  gray  substance,  and  are  the  component 
which  most  strikes  the  eye  ;  when  they  are  found  in  the  white 
substance,  they  are  almost  always  single,  and  close  to  the  gray. 

They  are  large^  multipolar  cell-bodies,  sometimes  visible  to 
the  naked  eye  \  they  have  no  envelope,  their  nucleus  is  large, 
with  a  distinct  glistening  nucleolus,  and  they  usually  contain  an 
accumulation  of  pigment  granules.  They  are  remarkable  for 
their  numerous  radiating  processes,  almost  all  of  which  ramify 
abundantly  (protoplasm  processes),  while  one  process  (the  nerve- 
process)  remains  smooth  and  undivided,  and  after  a  longer  or 
shorter  course  receives  a  medullary  sheath  and  becomes  a  medul- 
lated  nerve-fibre..  This  undivided  process  is,  therefore,  also 
called  the  axis  cylinder  process. 

According  to  Gerlach,  not  every  ganglion-cell  possesses  a  nerve-process,  but 
many  are  connected  with  the  fine  network  of  nerve-fibres  only  through  the  ramifica- 
tions of  their  protoplasm  j^rocesses ;  among  such,  the  smaller  forms  of  cells  occurring 
in  the  posterior  cornua  are  especially  named.  These  cells,  therefore,  are  connected 
with  nerve-fibres  only  through  the  intervention,  of  the  fine  network  of  nerves.  Boll, 
however,  does  not  consider  tlut  the  existence  of  this  kind  of  cells  is  sufficiently 
established. 

The  size  of  the  ganglion- cells  in  the  cord,  like  their  foi-m,  is 
very  variable.  They  are  found  small,  medium-sized,  and  large. 
By  far  the  largest  are  found  in  the  anterior  cornua,  with  a  great 
number  of  processes ;  the  smallest,  more  of  a  spindle  shape,  in 
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the  posterior  corniia  ;  those  of  medium  size  and  a  more  rounded 
form,  in  the  so-called  columns  of  Clarke. 

They  lie  in  groups  and  heaps,  forming,  in  various  parts  of  the 
gray  substance,  actual  columns  of  cells  extending  for  a  consider- 
able distance  in  the  cord  ;  they  are  especially  abundant  and  " 
definite  in  their  distribution  in  the  gray  anterior  cornua,  while 
in  the  posterior  cornua  they  occur  but  sparingly  and  in  quite 
irregular  arrangements. 

The  attempt  has  often  been  made  to  establish  a  close  relation  between  the 
form  and  size  of  the  ganglion-cells  and  their  functions.  Jakubowitch  first  stated 
expressly  that  the  larger  cells  with  many  processes,  in  the  anterior  cornua,  arc 
motor  cells,  while  the  smaller  should  be  regarded  as  sensitive,  and  the  smallest,  of  a 
spindle  shape,  as  sympathetic  (vaso-motor).  Otlier  observers  have  made  similar 
hypotheses,  and,  more  especially  of  late,  a  trophic  action  has  been  ascribed  to  the 
ganglion-cells,  upon  the  basis  of  pathological  facts.  Of  all  this  only  so  much 
appears  certain :  that  the  large  cells  with  many  processes  in  the  anterior  cornua  are 
most  intimately  related  to  the  motor  apparatus ;  but  what  these  relations  are,  and 
how  they  are  expressed  in  the  form  and  size  of  the  cells,  in  their  position  and 
grouping,  is  quite  unknown  at  present;  nor  is  anything  whatever  known  with  cer- 
tainty regarding  the  existence,  position,  form  and  size  of  "  sensitive,"  "  vaso-motor," 
"trophic,"  "reflectory,"  "automatic"  ganglion-cells,  although  many  pathological 
facts  recently  collected  seem  to  give  us  at  least  a  starting-point  for  the  solution  of 
these  problems. 

The  nervous  fibres  and  cells,  .which  are  certainly  the  most 
important  components  of  the  cord,  are  enveloped  in  a  basement 
substance  of  connective  tissue,  the  so-called  neuroglia,  which 
gives  support  and  firmness  to  the  cord.  This  substance  radiates 
inward  from  the  pia  in  numerous  septa,  bearing  the  blood-vessels, 
which  break  up  into  a  great  number  of  branches,  and  finally 
form  a  very  delicate  network  in  which  the  nervous  elements  are 
embedded.  The  gray  cortical  layer  and  the  greatest  part  of  the 
trabecular  network  proceeding  from  it,  a  great  part  of  the  gray 
substance  (especially  that  which  is  commonly  named  the  sub- 
stantia gelatinosa),  and  the  entire  supporting  framework  of  the 
white  substance,  are  composed  of  this  neuroglia.  In  regard  to 
its  finer  structure,  the  opinions  of  the  best  authorities  (Koelliker, 
Frommann,  Gerlach,  Ilenle,  Boll,  Kanvier,  C.  Lange,  and  others) 
are  still  divided,  as  the  difficulty  of  investigating  this  tissue  is 
very  great.    All  observers  agree  that  the  neuroglia  consists 
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chiefly  of  a  network  of  fibres  very  closely  interlaced,  embedded 
in  a  more  or  less  abundant  finely  granular  basement  siibstance, 
and  containing  numerous  nuclei,  granules  and  cell-elements. 
Bat,  as  regards  tlie  significance  and  the  exact  character  of  these 
fibres  and  cells,  a  great  deal  of  controversy  still  exists.  Some 
consider  the  fibres  as  elastic  (Gerlach),  others  as  more  like  con- 
nective tissue  (Henle,  Eanvier),  others  as  the  processes  of  cells 
(Kolliker,  Boll,  C.  Lange) ;  and  the  interpretations  of  the  inter- 
jacent cellular  and  nucleoid  structures  are  equally  various. 

Boll  has  very  recently  given  a  careful  description  of  the  neu- 
roglia, which  is  different  from  previous  ones.  He  states  that  its 
sole  component  is  a  form  of  multipolar  connective  tissue  cell, 
composed  of  countless  fine  processes,  not  ramified,  and  a  nucleus. 
These  cells  envelop  the  vessels  in  the  septula,  like  sheaths,  then 
branch  off  from  the  sheaths,  and  at  last  form  by  themselves  the 
septula  which  embrace  the  single  nerve-fibres  and  groups  of 
fibres — as  finely  woven  twigs  embrace  the  upright  staves  of  a 
basket,  or  as  the  fingers  of  the  two  hands  may  be  woven  into  a 
kind  of  tube.  These  peculiarly  shaped  cells,  characterized 
especially  by  their  numerous  unbranched  processes,  are  called 
Deifcers' -celis  or  the  spider-cells  of  Jastrowitz,  and  are  often 
particularly  easy  to  see  in  pathological  specimans  of  the  cord. 
Among  their  processes  there  lies  a  small  quantity  of  a  granular 
interlibrillary  substance.  Their  nuclei,  according  to  Boll,  are 
what  Henle  calls  "  granules "  (Kdrner).  An  essentially  similar 
description  of  the  neuroglia  is  given  by  C.  Lange.' 

Very  recently,  Ranvier  has  presented  another  view,  according 
to  which  the  connective  tissue  of  the  spinal  cord  is  quite  analo- 
gous to  the  interstitial  connective  tissue  of  the  peripheral  nerves. 
It  is  said  to  consist  of  numerous  fine  fibrillary  bundles  of  con- 
nective tissue,  not  anastomosing,  but  crossing  in  many  directions, 
and  at  the  points  of  crossing  there  lie  flat  nucleated  connective 
tissue  cells."  It  is  not  necessary  here  to  decide  these  diflSicult 
histological  points ;  it  is  enough  to  know  that  the  entire  spinal 
cord,  both  white  and  gray  matter,  is  permeated  by  a  fine-meshed 

'  See  Virchow-Hirsoh's  Jahresbericht  for  1873,  Bd.  II.  p.  76,  and  Schmidt's  Jahrb. 
Bd.  168.  p.  239.  1875. 

«  Centralblatt  f.  d.  med.  Wiss.  187i  No.  31. 
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structure  of  connective  tissue,  consisting  chiefly  of  fine  fibrils  in 
which  numerous  nuclei  are  embedded,  and  surrounding  in  the 
closest  manner  the  nervous  fibres  and  cells. 

If  Boll's  view  should  turn  out  to  be  the  true  one,  the  "  granules"  of  Henle  would 
at  last  receive  their  right  interpretation.  They  have  been  looked  upon  in  all  pos- 
sible lights :  as  young  connective-tissue  cells,  as  young  nerve-cells,  as  lymph-cells, 
as  wandering  colorless  blood-cells  without  prospect  of  future  advancement,  etc. 
But  it  cannot  be  denied  that  not  a  few  structures  resembing  cells  and  nuclei  are 
found  in  the  cord,  whose  exact  interpretation  is  not  easily  made  out. 

The  arrangement  of  tlie  histological  elements  of  the  spinal 
cord  is  extremely  complicated,  and  it  is  very  hard  to  make  it  out 
accurately  in  all  its  details  and  in  all  parts  of  the  cord. 

Very  simple  by  comparison  is  the  structure  of  the  white 
columns.  They  contain  the  framework  of  connective  tissue  in 
its  simplest  and  most  perspicuous 
arrangement ;  it  is  composed  of  the 
neuroglia  with  the  vessels  inclosed 
by  it,  contains  a  few  multipolar 
ganglion-cells,  and  embraces  in  its 


meshes  the  nerve-fibres,  sometimes 
singly,  sometimes  grouped  in  bun- 
dles of  several  (Fig.  3). 

The  large  majority  of  these  fibres 
runs  parallel  to  the  long  axis  of  the  ^" 

A  piece  of  the  trnnRvcrse  section  of  tlie 
cord,  for   which  reason   they  almost       "'^■'^  substance  of  a  lateial  colnmn.  Neu- 
'  roglia,  with  Deiters'  cells  cmbeddeti  in  it, 

always  present  their  well-known  ^^.Tna^lJ^e  ^e^rf'.^^^^^^^^^^^ 
cross-section,  in  transverse  sections  "^f^- 
of  the  cord.  But  the  longitudinal  bundles  by  no  means  always 
maintain  an  exactly  parallel  direction  among  themselves ;  they 
deviate  from  it  in  many  ways,  cross  here  and  there  at  acute 
angles,  often  weave  into  each  other,  or  are  seen  to  change  their 
place  in  the  cross-section  by  degrees,  moving  towards  the  centre 
or  the  circumference  of  the  cord,  forward  or  backward. 

A  certain  number  of  fibres,  however,  run  across  the  white 
columns  in  a  more  or  less  exactly  horizontal  direction.  Such  are 
especially  the  entering  fibres  of  the  roots,  which  run  in  broad 
bundles  at  the  level  of  the  section,  or  only  a  little  off  from  it. 
They  pass  more  or  less  directly  from  the  cortex  to  the  gray 
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pillars  [cornua].  The  anterior  roots  mostly  reach  the  gray- 
anterior  pillars  in  the  shortest  and  straightest  path,  while  the 
bundles  of  the  posterior  roots  are  much  interlaced  after  entering 
the  cord,  and  pass  through  a  devious  and  irregular  course  before 
reaching  the  gray  posterior  pillars.  The  fibres  of  the  white 
commissure  are  horizontal. 

Finally,  there  are  a  few  oblique  fibres  and  bundles  in  the 
white  columns.  They  are  partly  root-fibres,  which  do  not  take 
a  directly  horizontal  course  to  the  gray  substance,  but  first  pass 
obliquely  upward  or  downward  in  the  white  substance  for  a 
certain  distance,  and  then  bend  to  enter  the  gray ;  and  partly 
fibres  which,  leaving  the  gray  matter  in  a  horizontal  direction, 
change  to  a  perpendicular.  This  arrangement  is  especially 
frequent  at  the  surface  of  contact  between  the  lateral  columns 
and  the  gray  matter,  where  an  abundance  of  fibres  leave  the  gray 
and  turn  upward  or  downward  in  the  lateral  columns.  It  is, 
however,  doubtful  (although  recently  reaffirmed)  whether  root- 
ftbres  run  directly  up  or  downward  in  the  white  columns,  with- 
out first  having  passed  the  gray  substance  ;  this  is  affirmed  of 
some  bundles  of  fibres  in  the  posterior  roots. 

The  structure  of  the  gray  columns  [cornua]  is  considerably 
more  complicated,  and  has  not  yet  been  examined  in  at  all  a 
satisfactory  way.  Two  kinds  of  gray  matter  are  usually  distin- 
guished in  it,  plainly  recognizable  and  separable  by  the  naked 
eye,  namely,  the  spongy  and  the  gelatinous  substance.  Their 
distribution  upon  the  surface  of  a  cross-section  is  very  une- 
qual. The  spongy  substance  composes  the  chief  mass  of  the 
gray  columns,  while  the  gelatinous  substance  forms  only  a  semi- 
lunar cap  over  the  tips  of  the  posterior  cornua,  of  greater  or  less 
thickness  (substance  of  Rolando),  and  surrounds  the  central 
canal  in  a  moderately  thick  layer.  A  prismatic  column,  situated 
at  the  boundary  between  the  anterior  and  posterior  cornua 
laterally  from  the  posterior  commissure,  and  close  to  the  apex 
of  the  white  posterior  column,  has  been  considered  by  many 
entitled  to  rank  as  a  special  formation  in  the  cord ;  it  is  the 
columna  nesicularis^  now  best  known  as  Clarke'' s  column  (Fig. 
2,  s).  This  formation,  rich  in  ganglion-cells,  is  found  only  in  the 
dorsal  part  of  the  cord,  beginning  at  the  upper  end  of  the  lum- 
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bar  enlargement  and  ending  at  the  lower  part  of  the  cervical 
enlargement. 

Careful  examination  shows  that  probably  the  largest  part  of 
the  gelatinous  substance  belongs  to  the  neuroglia.  It  consists 
of  the  finely  granular  substance  before  described,  which,  how- 
ever, in  this  situation  is  traversed  by  a  few  of  the  finest  fibres  of 
connective  tissue,  and  contains  a  remarkable  number  of  nuclei 
(glia-cells).  It  is  traversed  by  many  bundles  of  fine  nerve-fibres, 
running  in  gentle  curves  from  behind  forward  in  various  courses. 
These  bundles  originate  in  part  from  the  posterior  root-bundles, 
in  part  from  the  posterior  columns,  and  probably  also  from  the 
lateral  columns.  Besides,  the  gelatinous  substance  is  traversed 
by  vertical  bundles,  parallel  with  the  long  axis  of  the  cord,  which 
are  especially  distinct  in  the  lumbar  cord,  and  occupy  principally 
the  middle  and  the  anterior  parts  of  the  gelatinous  substance. 
In  them  large  nerve-cells  are  rarely  found,  and  the  fine  network 
of  nerve-fibres  discovered  by  Gerlach  is  said  to  be  also  wanting. 

The  spongy  substance  is  far  more  complex  in  structure.  It 
consists  of  a  mixture  of  fine  fibres  and  bundles  of  fibres,  seem- 
ingly inextricable,  crossing  in  all  directions,  which  resolve 
themselves  into  fine  networks  of  fibres,  only  to  recompose  them- 
selves in  the  former  aspect  of  bundles  of  fibres  ;  at  the  same 
time  they  contain  numerous  multipolar  ganglion-cells,  arranged 
in  definite  groups.  The  fine  nerve-fibres  select  the  spongiosa  for 
the  seat  of  a  repeated  ramification,  and  their  branches  unite  to 
compose  a  network  of  excessioe  fineness,  discovered  by  Gerlach. 
Very  similarly,  the  protoplasm  processes  of  the  multipolar  cells 
form  with  their  ramifications  a  fine  network  ;  and  it  is  extremely 
probable,  although  not  yet  certainly  proved  by  direct  observa- 
tion, that  the  fine  bundles  of  nerve-fibres  and  the  ganglion-cells 
communicate  at  numberless  points  through  the  medium  of  this 
network. 

Boll  has  confirmed  Gcrlach's  discovery  in  all  points,  and  has  added  to  his  statc- 
msnts  another,  to  tho  efEact  that  this  fine  network  of  nerve-fibres  is  not  merely 
distributed  tlirougli  tlio  entire  gray  substance,  but  can  also  l^e  followed  tlirough  tlie 
septa  of  the  white  substance  into  tlie  gray  cortical  layer.  Prom  tliis  it  would 
follow  that  this  remarkable  and  important  network  is  universally  distributed 
through  the  cord. 
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Schiefferdecker  has  very  recently  attempted  to  follow  out 
with  somewhat  more  minuteness  the  incredible  medley  of  nerve- 
bundles  in  the  cord,  and  to  ascertain  the  course  of  the  principal 
ones.  The  most  important  result  of  his  investigations — and  it  is 
hard  to  apply  either  physiologically  or  practically — is  that,  so 
to  speak,  all  parts  of  the  gray  and  some  parts  of  the  white  sub- 
stance are  placed  in  the  most  universal  and  manifold  mutual 
connection  by  the  various  networks  of  nerve-fibre  ;  the  entering 
nerve-roots  form  connections  with  all  the  groups  of  ganglion- 
cells  ;  the  latter  are  mutually  Joined  by  strands  of  fibres  of  their 
own,  and  send  forth  bundles  of  fibres  to  the  white  columns  ;  and 
all  parts  of  each  half  of  the  cord  stand  in  connection  with  all 
parts  of  the  other  half  ;  while,  finally,  higher  and  lower  seg- 
ments of  the  cord  are  joined  by  vertical  fibres. 

The  spongiosa  is  crossed  in  many  places  by  vertical  ascending 
bundles  of  fibres  ;  this  is  especially  the  case  in  the  neighborhood 
of  the  white  substance,  where  bundles  detach  themselves  from 
the  white  columns,  enter  the  gray  matter,  and  after  a  short  dis- 
tance return  to  the  white.  This  is  most  developed  in  the  proces- 
sus reticulares.  The  longitudinal  commissures  in  the  gray  sub- 
stance, just  mentioned,  appear  in  transverse  sections  as  vertical 
bundles  of  fibres. 

The  groups  of  ganglion-cells  in  the  gray  substance  are 
highly  interesting.  Their  number  and  mode  of  distribution  in 
the  anterior  and  posterior  cornua  vary.  They  can  be  seen  excel- 
lently, with  their  processes  and  ramifications,  in  cross  and  longi- 
tudinal sections.  Repeated  observations  have  shown  that  their 
nerve-process  is  directly  transformed  into  a  meduUated  nerve- 
fibre,  and,  in  the  case  of  the  great  cells  of  the  anterior  cornua, 
that  the  fibre  passes  directly  into  the  anterior  roots  and  mingles 
with  their  bundles  of  fibres  ;  but  this  has  been  shown  in  the  case 
of  but  few  cells,  and  in  most  the  nerve-process  takes  other 
directions,  of  which  the  object  is  chiefly  unknown.  It  is  further 
demonstrated  with  certainty  that  the  protoplasm  processes  of 
the  ganglion-cells  break  up  by  repeated  ramification  into  a  fine 
network  of  nerve-fibres  (G-erlach,  Boll,  Schiefferdecker),  and  it  is 
probable  that  this  network  stands  directly  connected  with  the 
finest  nerve-fibres  and  their  ramifications. 
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Most  of  the  gangiion-cells  are  found  in  the  anterior  cornua  ; 
in  the  cervical  and  lumbar  enlargements,  especially,  a  great 
number  of  them  are  seen  in  every  transverse  section.  Their  dis- 
tribution is  not  the  same  in  all  parts  of  the  cord,  but  distinct 
groups  can  be  made  out  in  most  sections.  First,  a  Jiiedial 
group^  adjacent  to  the  anterior  and  inner  border  of  the  anterior 
cornua,  often  broken  up  into  smaller  groups  ;  next,  a  lateral 
group,  situated  in  the  anterior  external  portion  of  the  anterior 
cornu  (Fig.  4,        a  h),  and  containing  a  great  many  cells  ; 


Pig.  4. 

Seml-dirvftramatic  transvcrae  sections  of  the  Rruy  substnuce  of  tho  cervical  (.-l)  and  lumbar  enlargement 
(B),  to  show  the  situation  of  tlie  gantjlion-cella.  Magnified  "/,"  Aa,  medial  group;  6,  antcro-lateral ; 
c,  postcro-lateral  group ;  U,  columna  vcHicularis.  JSa,  medial  group  ;  o',  group  first  appearing  in  the  lumbar 
region,  perhaps  belonging  to  the  medial ;  6,  antero-lateral ;  c,  postero-latoral  group.  lu  tho  posterior  cor- 
nua, only  a  few  scattered  ganglion-cella. 

besides  which,  there  is  found  in  the  cervical  and  upper  dorsal 
portion,  in  the  tractus  intermedio-lateralis,  a  third  group  of  very 
large  multipolar  cells,  which  may  be  designated  as  the  postero- 
lateral group  (Fig.  4,  A  c).  To  the  latter  corresponds  a  simi- 
larly situated  group  in  the  lumbar  region  ;  but  in  this  part  of 
the  cord  the  division  into  sharply  defined  groups  is  less  dis- 
tinct, and  the  ceUs  are  distributed  more  or  less  irregularly  over 
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tlie  greater  part  of  the  section  of  the  anterior  cornua  (Fig.  4,  B). 
The  arrangement  of  these  grouj^s  of  cells  in  different  sections  is 
extremely  variable,  and  the  number  which  can  be  distinguished 
is  sometimes  greater,  sometimes  less. 

All  these  groups  are  found  throughout  the  length  of  the 
anterior  gray  matter,  forming  literal  columns  of  cells.  Amongst 
the  groups,  and  through  the  whole  mass  of  the  anterior  cornua, 
many  single  ganglion  cells  with  more  than  one  process  are 
found,  more  or  less  abundant  in  different  sections.  Even  in  the 
white  columns  in  the  neighborhood  of  the  anterior  cornua,  a  few 
sporadic  cells  occur. 

In  the  gray  posterior  cornua  the  principal  column  of  gan- 
glion cells  is  the  columna  vesicularis.  Its  situation  and  extent 
is  described  above.  It  consists  chiefly  of  closely-crowded  fine 
nerve-fibres,  mostly  vertical  in  their  course  ;  but  there  are  fibres 
which  run  in  all  possible  directions,  establishing  connections 
between  Clarke' s  columns  and  the  other  groups  of  ganglion  cells, 
the  anterior  and  posterior  root-fibres,  etc.  Among  these  fibres 
there  lie  many  pretty  large  nerve-cells,  mostly  spindle-shaped, 
with  their  long  axes  in  a  vertical  direction,  and  provided  with 
numerous  protoplasm-processes ;  a  nerve-process  has  not  yet 
been  demonstrated  in  connection  with  them.  In  cross-section 
the  cells  of  Clarke's  columns  mostly  appear  roundish.  Their 
size  increases  towards  the  upper  and  lower  ends  of  the  cord. 

Besides  these,  the  posterior  cornua  contain  only  a  few  nerve- 
cells  scattered  over  the  entire  section.  A  large  multipolar  cell  is 
seldom  found ;  the  most  part  are  of  the  smaller  sizes,  and  are 
distributed  irregularly  and  in  very  variable  quantities  among  the 
spongy  tissue  of  the  posterior  cornua.  Nerve-processes  have  not 
been  certainly  demonstrated  in  connection  with  them  ;  but  the 
part  they  take  in  the  formation  of  the  fine  network  of  nerve- 
fibres  may  be  considered  as  established. 

The  central  gray  substance,  which  unites  the  four  gray  col- 
umns and  encloses  the  central  canal,  chiefly  consists  of  a  finel}^ 
granular  and  finely  fibrillated  mass  (neuroglia,  gelatinous  sub- 
stance), containing  many  cell-bodies  or  nuclei.  This  substance 
is  traversed  by  a  fine  network  of  nerve-fibres  with  broad  meshes 
(Gerlach),  and  also  contains  bundles  of  fibres,  of  greater  or  less 
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thickness,  passing  from  one-half  to  the  other  of  the  spinal  cord, 
before  and  behind  the  central  canal,  sometimes  taking  the  direct 
transverse  course,  and  sometimes  ascending  and  descending 
obliquely  (gray  fibres  of  the  anterior  and  posterior  commis- 
sures). 

The  toJiite  commissure  consists  almost  entirely  of  nerve-fibres 
with  dark  contour,  most  of  which  run  in  a  horizontal  plane, 
decussate  at  an  acute  angle,  and  pass  from  one  lateral  half  of  the 
cord  to  the  other,  diagonally  from  front  to  rear.  But  a  few 
bundles  ascend  obliquely,  and  immediately  assume  a  perpendic- 
ular direction.  The  white  commissure  first  connects  the  gray 
columns  of  one  side  with  the  anterior  columns  (white)  of  the 
opposite  side  (Gerlach),  as  the  bundles  of  fibres  which  leave  the 
former  pass  upward  in  the  latter  ;  it  further  connects  the  various 
cell-groups  in  the  gray  columns  with  one  another,  and  finally,  it 
contains  fibres  which  traverse  the  gray  substance  and  pass  into 
the  white  lateral  columns. 

The  central  canal  is  a  very  narrow  passage,  often  obliterated 
or  occluded,  presenting  a  roundish  or  elliptic,  sometimes  a  tri- 
angular transverse  section.  It  is  lined  with  a  ciliated  cylindrical 
epithelium,  and  its  wall  is  formed  of  dense  undulated  connective 
tissue  of  extremely  fine  fibrous  structure  (ependyma).  It  is 
bounded  externally  by  the  central  gray  substance,  and  is  filled 
with  a  fluid,  probably  identical  with  the  cerebro-spinal  fluid. 

Anatomical  data  concerning  the  connection  detioeen  the  liisto- 
logical  elements,  and  the  course  of  the  fibres  in 
the  spinal  cord. 

Many  studies  have  been  made  by  anatomists,  with  a  view  to 
unravelling  the  connection  between  the  separate  elements  of  the 
cord,  the  course  o£  the  entering  root-fibres,  their  connection  Avitli 
other  fibres,  and  with  the  ganglion  cells,  and  fiiiallj'-,  their  ulti- 
mate destination,  or  their  continuation  to  the  brain.  Unspeak- 
able trouble  and  toil  have  been  devoted  to  these  examinations ; 
absurdly  small  and  trifling  have  been  the  results ;  hardly  any- 
thing is  established  with  certainty,  and  the  liveliest  controversies 
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are  still  kept  up  upon  almost  all  points.  But  every  fresh,  exam- 
ination reveals  fresh  complications  of  the  course  of  the  fibres, 
which  reduce  the  attempt  to  disentangle  and  follow  them  out 
almost  to  an  impossibility  ;  and  the  deeper  we  go  into  the  finer 
structural  relations  of  the  cord,  the  plainer  it  becomes  that  a 
separation  and  isolation  of  the  individual  groups  of  fibres  or  cells 
is  not  what  is  sought  or  reached,  but  rather  a  connection  among 
them,  as  universal  and  complete  as  possible.  This  naturally 
renders  it  extremely  hard  to  reach  the  desired  goal. 

We  shall  here  attempt  to  state,  as  briefly  as  possible,  what 
may  at  present  be  regarded  as  somewhat  certain,  and  likewise, 
what  may  be  regarded  as  at  least  probable.  For  all  details  and 
further  explanations  we  refer  to  the  works  of  Stilling,  Clarke, 
Koelliker,  Frommann,  Gerlach,  Deiters,  Goll,  Henle,  Boll,  Schief- 
ferdecker,  and  others. 

The  following  points  seem  at  present  pretty  well  established  : 

That  all,  or  at  least  by  far  the  greater  part,  of  the  nerve-roots 
pass  straight  to  the  gray  substance,  and  enter  it ;  this  is  certainly 
true  of  the  anterior  roots,  but  perhaps  not  of  some  small  portion 
of  the  posterior  root-fibres. 

That  a  large  number  of  these  entering  root-fibres  unite  with 
the  ganglion  cells  or  their  processes  ;  this  also  seems  quite  cer- 
tain for  the  anterior  roots,  but  is  still  doubtful  in  respect  to  the 
posterior. 

That  numerous  fibres  pass  from  the  gray  substance  into  the 
antero-lateral  columns,  especially  the  lateral  columns,  bend  up- 
wards, and  in  the  white  columns  take  the  direction  towards  the 
brain.  Some  of  these  nerve-fibres,  leaving  the  anterior  gray 
columns,  pass  into  the  white  commissure  and  thence  into  the 
anterior  white  column  of  the  other  side  of  the  cord  (decussation 
within  the  cord),  in  which  they  probably  run  to  the  brain. 
Others  pass  into  the  lateral  columns,  in  which  they  run  up  into 
the  medulla  oblongata,  and  finally  decussate  in  the  pyramids. 

That  numerous  fibres  from  the  posterior  gray  columns  enter 
the  posterior  white  columns  (and  the  posterior  regions  of  the 
lateral  columns  ?)  where  they  bend  upwards  and  run  further  in 
the  direction  of  the  brain. 

That  the  ganglion  cells  of  the  gray  substance  are  mutually 
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connected  by  numerous  processes  in  the  most  complicated  man- 
ner, both  in  the  anterior  and  posterior  cornua  of  each  lateral 
lialf,  and  by  means  of  the  commissures  which  join  the  two  lateral 
halves  with  each  other ;  that  moreover,  processes  of  these  gan- 
glion cells  pass,  some  directly  into  the  root-fibres,  and  some  into 
the  white  columns,  where  they  assume  a  vertical  direction. 

That  of  the  fibres  which  enter  with  the  posterior  roots,  a  part 
pass  horizontally  directly  forward,  and  lose  themselves  in  the 
fine  network  of  nerve-fibres,  or  reach  the  ganglion-cells  of  the 
anterior  cornua  ;  while  another  part  runs  upward  or  downward 
at  the  side  of  the  posterior  gray  column,  then  bends  again,  and 
at  last  enters  the  gray  substance. 

That  the  fine  nervous  network,  and  the  nerve-bundles  which 
by  their  resolution  compose  it,  and  the  bundles  which  are  recom- 
posed  from  it,  serve  to  connect  the  groups  of  ganglion  cells  in  all 
possible  directions,  with  each  other,  with  the  entering  root- 
fibres,  with  the  white  columns  of  both  sides  in  the  sagittal,  trans- 
verse and  vertical  directions. 

The  following  statements  may  be  regarded  as  more  or  less 
probable,  but  not  at  present  certainly  proved  : 

That  after  the  root-fibres  enter  into  certain  ganglion  cells, 
processes  from  the  same  cells  pass  directly  into  the  white  sub- 
stance (going  from  the  anterior  cornu  into  the  antero-lateral 
column,  from  the  posterior  cornu  into  the  posterior  column  and 
the  posterior  part  of  the  lateral  column)  ;  in  the  white  substance 
they  ascend  directly  to  the  brain. 

That  individual  fibres  of  the  anterior  and  the  posterior  roots 
meet  each  other  in  certain  cells  of  the  gray  substance. 

That  a  few  bundles  from  the  anterior  roots  merely  traverse 
the  gray  substance,  going  thence  directly  into  the  anterior  parts 
of  the  lateral  column,  and  there  bending  upward.  Their  signifi- 
cance is  not  yet  clear. 

That  the  posterior  root-fibres  first  enter  into  the  fine  network 
of  nerve-fibres,  in  the  gray  posterior  columns,  and  that  the  con- 
nection with  the  ganglion  cells  is  accomplished  through  this 
network  (Gerlach). 

That  each  single  ganglion  cell,  by  means  of  its  branching 
processes,  passes  into  a  fine  network  of  nervous  fibres,  from 
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wliicli  larger  medullated  fibres  are  again  developed  (connection 
of  the  cells  with  the  nerve-fibres). 

That  the  network  of  nerve-fibres  into  which  the  posterior  root- 
libres  break  up  is  in  continuous  communication  with  the  network 
of  nerve-fibres  in  the  anterior  gray  columns ;  that  from  this  latter 
network  numerous  fibres  originate,  which  cross  the  median  plane 
in  the  gray  commissure,  and  then  ascend  toward  the  brain,  some 
in  the  vertical  bundles  of  the  posterior'  cornua,  some  in  the  pos- 
terior columns  (total  sensory  decussation  in  the  cord  ?).  The  gray 
substance,  therefore,  seems  to  be  much  more  intimately  connected 
with  the  posterior  nerve-tracts  (through  the  fine  network)  than 
with  the  tracts  which  prolong  the  anterior  nerve-roots. 

That  from  Clarke's  columns  bundles  of  fibres  pass  out  into 
the  lateral  columns. 

That  the  medial  parts  of  the  posterior  columns  (so-called 
fasciculi  graciles)  have  by  their  development  and  structure  a 
special  significance,  which  is  at  present  entirely  obscure.  Pierret 
considers  them  as  a  great  longitudinal  commissure,  intended  to 
bring  various  parts  of  the  gray  substance  into  mutual  connec- 
tion. 

All  these  results  are  defective  and  inadequate  in  the  highest 
degree  ;  they  hardly  permit  us  to  form  an  exact  idea  of  the  com- 
plicated course  of  the  fibres.  In  general,  we  can  only  infer  from 
all  this  that  the  root-fibres  which  pass  from  the  periplieral  nerves 
into  the  cord  first  enter  the  gray  substance,  where  they  have 
their  first  termination  ;  that  they  next,  after  many  ramifications 
and  connections,  leave  the  gray  substance  and  pass  up  the  white 
columns  to  the  medulla  oblongata.  This  process  is  rejDeated  step 
by  step  at  the  entrance  of  every  new  pair  of  roots. 

But  this  scanty  result  gives  us  no  information  regarding  the 
precise  direction  of  the  single  fibres,  none  regarding  their  connec- 
tions, none  regarding  the  physiological  significance  of  the  several 
groups  of  fibres.  Anatomy  can  at  present  give  us  no  certain 
information  upon  these  points ;  we  must  expect  it  rather  from 
the  most  scrutinizing  physiological  research.  The  next  section 
will  be  devoted  to  explaining  tlie  patlis  of  conduction  in  the  cord, 
as  at  present  understood  through  the  aid  of  physiology  and  the 
equally  important  aid  of  pathological  anatomy. 
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Let  it  only  be  remarked  in  tins  place,  that  the  anatomical 
formation  of  the  cord,  which  we  have  just  attempted  to  sketch, 
is  somewhat  modified  in  its  uppermost  region  by  the  accession  of 
some  new  parts.  We  refer  to  the  origin  of  the  accessorius^ 
whose  roots  are  seen  leaving  the  lateral  column  as  far  down  as 
the  fifth  and  sixth  cervical  vertebrae.  Within  the  cord  they  can 
be  followed  to  the  ganglion  cells  of  the  postero-lateral  cell  group 
of  the  anterior  cornu. 

In  analogy  with  this,  the  so-called  ascending  root  of  the 
trigeminus  can  be  followed  in  the  cervical  cord  to  about  the  level 
of  the  third  cervical  vertebra  in  the  form  of  a  large  bundle  of 
fibres,  which  is  in  relation  with  the  substantia  gelatinosa  of  the 
posterior  cornu,  and  gradually  passes  into  it. 

Finally,  in  the  uppermost  part  of  the  cord,  tlie  decussation 
of  the  pyramids  produces  a  sort  of  substantia  reticularis — a 
manifold  interweaving  of  the  bundles  of  fibres — which  is  visible 
in  the  middle  of  the  anterior  half  of  the  cord. 

Concerning  the  further  course  in  the  medulla  oblongata  of  the 
nerve-paths  which  leave  the  spinal  cord,  see  further  on,  under 
the  proper  heading. 
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The  simple  fact  that  traumatic  destruction  of  the  cord  at  any 
place,  or  its  experimental  section,  completely  suspends  the  sensi- 
tive, motor,  and  vaso-motor  connection  between  the  brain  and  the 
periphery  of  the  body,  was  sufficient  to  prove  that  the  channels 
for  maintaining  this  connection  lie  in  the  spinal  cord ;  in  making 
a  step  beyond  this  it  became  necessary  to  employ  a  great  variety 
of  experiments  to  establish  with  accuracy  the  course  and  the 
situation  of  these  various  channels.  In  order  to  accomplish  this, 
physiology  has  made  colossal  efforts,  and  has  produced  a  series 
of  most  valuable  studies,  incomplete  though  they  be  in  many 
respects.  Of  late  years,  pathology  has  contributed  not  a  little 
to  enlarge  our  knowledge  of  the  phj^siology  of  the  cord. 

Unfortunately,  the  physiological  as  well  as  the  pathological 
methods  of  investigation,  and  especially  those  of  pathological 
anatomy,  are  still  very  imperfect.  In  the  experiments  by  section, 
which  are  the  most  frequently  employed,  the  effect  of  the 
primary  shock  and  of  the  secondary  inflammation  are  hard  to 
separate  from  that  of  the  simple  severing  of  the  channels  of  con- 
duction ;  secondary  degeneration  also  frequently  occurs,  and 
disturbs  the  result  of  the  experiment.  This  manifestly  gives 
rise  to  uncertainty  and  confusion  in  the  statement  of  results, 
which  is  increased  by  the  difficulty  of  obtaining  from  animals 
exact  objective  reports  of  the  disturbances  of  function.  In  man, 
on  the  contrary,  it  is  comparatively  easy  to  ascertain  in  patho- 
logical cases  the  nature,  the  degree,  and  the  extent  of  the  dis- 
turbance of  function ;  but  it  is  less  easy,  and  in  fact,  quite  a  mat- 
ter of  chance,  to  obtain  for  anatomical  investigation  exactly  the 
right  stage  of  the  disease,  and  it  is  harder  still  to  find  the  histo- 
logical changes  defined  exactly  and  beyond  a  question.  This 
must  always  be  borne  in  mind,  that  we  ma}^  not  suffer  ourselves 
to  repose  in  too  great  confidence  of  the  value  of  our  knowledge. 

In  the  following  paragraphs  we  shall  attempt  to  present  a 
brief  summary  of  what  is  established  in  the  physiology  of  the 
cord,  or  at  least,  that  which  is  probable,  and  capable  of  being- 
used  by  the  pathology  of  our  day. 
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Sensory  Gonduction  in  tlie  Spinal  Cord. 

All  the  impressions  received  by  peripheral  sensitive  nerves  ^ 
are  conducted  to  the  spinal  cord  by  the  posterior  roots ;  they 
pass  first  into  the  gray  substance,  and  thence  are  conducted  into 
the  posterior  columns  and  a  part  of  the  lateral  columns,  in  which 
they  ascend  to  the  brain. 

The  principal  channel  for  sensations  of  touch,  pressure,  tem- 
perature, tickling  and  the  like,  is  to  be  sought  in  the  white 
posterior  columns. 

Section  of  the  white  posterior  columns  destroys  the  sensation  of  touch  perma- 
nently in  the  regions  situated  posteriorly  to  the  section  (Schiff) ;  but  it  does  not 
annihilate  every  sensation,  as  a  hypersesthesia,  especially  in  respect  to  painful 
impressions,  continues  for  a  time,  gradually  disappearing.  It  is  not  yet  determined 
•whether  there  exist  separate  paths  of  conduction  for  the  different  varieties  of  the 
sense  of  touch,  but  Brown-S6quard  maintains  this  view  and  supports  it  by  weighty 
pathological  facts;  he  supposes  these  paths  to  lie  mostly  in  the  gray  substance. 
The  latest  experiments  of  Woroschiloff  (in  Ludwig's  laboratory)  are  of  great  interest ; 
they  seem  to  show  that  the  lateral  columns  are  of  far  more  importance  in  conduct- 
ing sensation  than  has  hitherto  been  supijosed.  But  these  experiments  are  confined 
to  the  lumbar  cord  of  tlie  rabbit,  and  cannot  yet  be  made  the  basis  of  more  general 
conclusions.  They  appear  to  show  that  each  lateral  column  contains  sensory  fibres 
for  both  legs ;  the  more  important  seem  to  decussate. 

The  sensation  of  pain  is  conducted  chiefly  or  exclusively  by 
the  gray  substance. 

Schiff  makes  section  of  the  posterior  columns  destroy  the  sense  of  touch,  but 
not  tliat  of  pain  ;  while  section  of  the  entire  gray  substance,  leaving  the  posterior 
columns  intact,  destroys  the  sense  of  i^ain,  and  leaves  that  of  touch  (the  condition 
known  in  pathology  as  analgesia). 

The  presence  of  the  network  of  nerve-fibres  shown  by  histology,  hardly  permits 
us  to  explain  these  facts  by  the  assumption  of  separate  paths  of  conduction ;  hence 
Wundt  (Physiol.  Psychologic,  p.  117)  has  proposed  the  hypothesis  of  different 
excitability  of  white  and  gray  matter;  the  gray  requires,  in  order  to  produce  a 
reaction,  a  much  higher  and  more  intense  irritation  than  the  white ;  but  when  the 
reaction  occurs,  its  intensity  is  all  the  greater,  and  produces  pain.  If,  therefore,  the 
gray  substance  alone  remains  for  the  purposes  of  conduction,  more  powerful  irrita- 


'  According  to  Brown-Soquard,  the  paths  for  the  "muscular  sense"  lie  in  the  ante- 
rior roots. 
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tions  are  usually  required ;  and  when  sensation  is  produced  it  is  more  violent — ^that 
is,  painful ;  but  if  the  -white  columns  alone  are  retained,  the  irritation  quickly 
reaches  a  degree  at  which  sensation  is  produced,  but  never  goes  so  far  as  to  produce 
pain. 

The  gray  matter  conducts  sensation  even  after  the  section  of 
all  the  white  columns  ;  it  does  this  in  its  entire  section  and  in 
every  part  of  it,  although  it  is  quite  inexcitable  under  direct  irri- 
tation, and  is,  therefore,  designated  as  CEstliesodic  substance 
(Schiff).  In  this  sense  the  v^^hite  substance,  with  the  exception 
of  the  posterior  root-fibres  which  traverse  it,  was  supposed  to  be 
also  sesthesodic ;  the  experiments  of  Engelken,  Fick,  and  Ditt- 
mar,  however,  seem  to  have  finally  settled  that  the  paths  of  sen- 
sation which  have  once  passed  through  the  gray  substance  of  the 
cord  are  still  excitable. 

The  anterior  and  the  greater  part  of  the  lateral  columns  have 
nothing  whatever  to  do  with  the  conduction  of  impressions  of 
sensation. 

The  conduction  of  sensory  impressions  decussates  in  the  cord 
soon  after  the  root-fibres  enter  it ;  this  decussation  seems  to  be 
pretty  complete  in  the  dorsal  and  cervical  medulla  of  man 
(Brown- Sequard,  Schiff).  The  decussation  of  the  sensitive  paths 
is  certainly  complete  in  the  medulla  oblongata. 

Whether  the  paths  of  all  the  kinds  of  sensation  decussate  is  not  yet  fully  deter- 
mined ;  according  to  Schiff 's  later  statements  those  for  the  sense  of  touch  do  not ; 
according  to  Brown-SCquard,  those  for  the  muscular  sense  also  do  not.  The  latter 
author  also  says  that  the  channels  for  the  various  kinds  of  sensation  decussate  at 
different  heights.  Miescher  found  decussation  of  the  centripetal  (sensory)  fibres 
from  the  sciatic,  which  produce  a  reflex  increase  of  the  blood-pressure.  The  fact 
of  the  sensory  decussation  in  the  cord  is  established  beyond  any  reasonable  doubt 
by  numerous  pathological  observations. 

The  isolated  conduction  of  the  separate  sensory  impressions 
can  only  be  explained  (in  view  of  the  fine  network)  by  supposing 
that  certain  tracks  in  the  conductive  substance  offer  less  resist- 
ance than  others,  and  are,  therefore,  habitually  employed.  Such 
tracks  are  probably  constituted  by  the  fibres  which  pass  directly 
from  the  network  of  nerve-fibres  into  the  posterior  (lateral)  col- 
umns and  pass  upward  in  the  latter  to  the  brain  ;  these,  under 
normal  circumstances,  offer  least  resistance.    The  further  exten- 
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sion  of  powerful  sensory  impressions,  or  tlie  conduction  which 
continues  to  take  place  after  interruption  of  the  principal  chan- 
nel, is  readily  explained  by  reference  to  the  network. 

In  the  same  way  is  explained  the  transference  of  powerful 
irritation  to  neighboring  or  distant  sensitive  tracks,  producing 
the  associated  sensations ;  they  require  only  a  diminution  of 
resistance  in  certain  channels,  or  an  increase  in  the  strength  of 
the  iiTitation. 

A  retardation  of  the  conduction  of  sensation  occurs  when  the 
posterior  columns  are  entirely  cut,  and  only  a  part  of  the  gray 
substance  remains  ;  the  more  the  gray  substance  is  diminished,  the 
more  distinct  is  this  retardation  (Schilf) ;  this  fact  may  very  well 
be  used  to  explain  that  retardation  of  the  conduction  of  pain 
which  not  infrequently  occurs  in  pathological  cases. 

In  regard  to  the  position  of  definite  sensory  paths  in  the 
cord,  physiology  informs  us  that  in  the  case  of  the  lower  extrem- 
ities these  paths  lie  at  first  in  the  lateral  columns,  and  do  not 
enter  the  posterior  columns  till  a  higher  point ;  the  posterior 
columns  of  the  lumbar  cord  are  said  to  contain  only  the  nerves 
of  touch  for  the  pelvic  region,  sexual  organs,  perineum,  and 
anal  region. 

Motor  Conduction  in  the  Spinal  Cord. 

This  subject  has  by  no  means  been  examined  in  all  points. 
The  principal  line  of  conduction  for  voluntary  movements 
passes  from  the  brain  into  the  cord,  through  the  decussation  at 
the  p3'ramids,  and  probably  to  a  still  greater  extent  through 
other  routes  of  decussation  in  the  medulla  oblongata  and  pons. 
The  motor  (voluntary)  paths  do  not  further  decussate  in  the 
cord,  but  remain  upon  that  side  which  belongs  to  the  half  of 
the  body  destined  to  receive  the  nervous  influence. 

Most  of  the  paths  for  voluntary  motion  probably  run  down 
in  the  lateral  columns,  enter  the  gray  substance  at  different 
heights,  form  connections,  through  the  network  of  nerve-fibres, 
with  the  large  multipolar  ganglion  cells,  and  pass  through 
their  axis-cylinder  processes  into  the  anterior  roots.  The  fibres 
for  voluntary  motion  all  lie  in  the  anterior  roots ;  these  roots. 
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however,  contain  other  fibres  which  possess  a  different  physio-  \ 
logical  function.  I 

j 

Section  of  the  posterior  columns  and  the  entii'e  gray  substance  does  not  destroy  ' 
the  voluntary  movements  of  the  poi-tion  of  body  lying  behind  the  jjoint  of  section. 
Section  of  the  antero-lateral  columns  and  the  entire  gray  substance  destroys  all  vol- 
untary motion  in  the  corresponding  parts.    Section  of  the  anterior  and  the  lateral 
column  lessens  voluntai-y  motion  for  only  a  short  time,  and  motion  returns  the  j 
quicker,  in  proportion  as  the  gray  substance  is  retained.    In  regard  to  the  function 
of  the  anterior  columns  proper  we  are  still  greatly  in  doubt ;  they  do  not  seem  to 
aid  in  voluntary  motion ;  they  are  sui^posed  to  carry  fibres,  for  the  most  part, 
wliose  function  is  to  transmit  reflex  impulses  originating  in  the  brain  (Huguenin);  j 
they  also  bear  fibres  which  experience  one  more  decussation  in  the  cord,  and  pass  | 
through  the  anterior  commissure  into  the  gray  anterior  column  of  the  other  side.  , 
In  these  points,  also,  Woroschiloff's  experiments  (upon  the  lumbar  cord)  have 
brought  new  and  unexpected  facts  to  light,  which  ought,  however,  to  be  applied 
with  extreme  caution.    Motor  baths  for  both  legs  are  contained  in  each  lateral 
column;  the  more  important  of  these,  those  which  produce  reflex  action,  co-ordina- 
tion, etc.,  seem  not  to  decussate. 

Even  after  section  of  the  antero-lateral  columns,  a  translation 
of  motor  impulses  to  the  posterior  half  of  the  body  is  possible 
through  the  gray  substance,  and  even  through  certain  limited 
portions  of  it.  This  substance  is  inexcitable  under  a  great  va- 
riety of  stimuli,  at  the  same  time  that  it  conducts  the  impulses  ! 
of  motion  ;  it  is  therefore  Mnesodic  (Schiff).  This  is  by  no  means 
true  of  the  longitudinal  fibres  of  the  antero-lateral  column ; 
they  are  not  Mnesodic,  as  is  affirmed  by  many  physiologists, 
who  seek  to  derive  all  the  phenomena  of  motion  which  occur 
when  the  antero-lateral  columns  are  irritated,  from  irritation  of 
the  root-fibres  which  traverse  them  ;  the  experiments  of  En- 
gelken  and  Fick  leave  not  the  slightest  doubt  that  the  anterior 
(lateral?)  columns  of  the  cord  are  as  truly  excitable  as  any 
other  nerve-fibre. 

The  isolated  conduction  of  individual  motor  impulses,  like 
that  of  the  sensory  excitations,  is  explained  by  the  supposition 
that  of  the  many  channels  which  are  open  some  offer  less  re- 
sistance, and  therefore  are  usually  selected.  But  even  in  this 
region  many  translations  to  other  tracts  (associated  movements)  ■ 
occur,  either  because  the  normal  paths  are  not  sufficiently  ! 
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used,  or  because  the  resistance  offered  by  other  paths  is  dhniu- 
ished,  or  because  the  irritation  is  increased  in  force. 

As  respects  tlie  position  of  certain  motor  paths  in  the  cord, 
we  will  here  mention  the  statements  of  SchilT,  that  the  lateral 
columns  of  the  upper  cervical  portion  contain  those  for  the 
muscles  of  resph'ation,  and  that  cutting  them  destroys  perma- 
nently the  movements  of  respiration  on  the  same  side.  But  this 
is  denied  by  others,  Woroschiloff  found  in  the  lumbar  cord 
of  the  rabbit  the  motor  paths  for  the  foot  and  leg  below  the 
knee  lying  towards  the  outer  circumference  of  the  lateral  col- 
umn, and  those  for  the  thigh  more  towards  the  middle. 

Co-ordination  of  Monements. 

The  spinal  cord  plays  a  considerable  part  in  this  important 
function,  and  disturbances  of  co-ordination  of  movement  are  not 
at  all  rare  in  spinal  disease ;  for  these  reasons,  and  in  view  of 
the  numerous  unsettled  controversies  connected  with  the  mat- 
ter, we  feel  ourselves  bound  to  give  a  careful  statement  of  the 
difficulties  which  surround  it. 

What  is  meant  by  co-ordination  of  movement,  is  not  difficult 
to  define ;  it  consists  in  t7ie  innervation  of  a  large  number  of 
muscles  simultaneously,  each  with  a  different  hut  appropriate 
degree  of  force,  for  the  purpose  of  attaining  a  given  object  of 
motion. 

A  little  close  inspection  will  reveal  the  fact  that  muscular  motions,  even  those 
■which  loolc  simple,  as  lifting  a  burden  or  throwing  a  stone,  are  really  quite  complex, 
and  involve  a  large  numljer  of  muscles  ;  still  more  is  this  the  case  in  the  more  com- 
plicated acts  of  writing,  piano-playing,  gymnastic  feats,  and  the  lilce. 

The  manner  in  which  this  wonderful  mechanism  regulates 
the  co-ordination  of  movements,  and  the  methods  it  takes  to 
accomplish  its  results,  can  best  be  seen  by  observing  children 
or  persons  who  are  learning  to  perform  any  complex  motion, 
as  writing  or  piano-playing. 

In  the  new-born  child  but  few  co-ordinate  acts  seem  pre- 
pared for;  the  movements  of  respiration,  of  sucking,  crying,  and 
swallowing,  and  perhaps  those  of  the  eyes,  are  performed  imme- 


40   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

diately.  All  other  co-ordinated  motions  must  be  learnt  with, 
pains  and  by  a  thousand  attempts,  as  is  the  case  with  standing, 
walking,  running,  and  especially  speaking,  and  later,  writing 
and  all  sorts  of  skill  in  the  use  of  the  hands.  The  apparatus  for 
co-ordination  seems  to  be  ready  formed,  but  not  to  be  in  readi- 
ness for  full  use  ;  it  attains  full  development  by  use  and  varied 
practice.  It  is  conceivable  and  probable  that  the  frequent  use  of 
the  nervous  paths  (in  the  fine  network  ?)  in  certain  directions  by 
degrees  overcomes  the  resistance  along  these  lines,  until  at  last 
their  employment  becomes  almost  a  matter  of  course. 

The  process  which  takes  place  when  co-ordinated  movements 
are  being  learnt,  may  be  somewhat  as  follows :  The  will  sends 
down  an  impulse,  and  the  part  of  the  central  apparatus  which  it 
first  reaches  is  that  which  presides  over  the  association  and 
co-ordination  of  the  single  impulses  of  motion.  This  takes  place 
under  the  constant  supervision  of  the  sight  (in  the  case  of  speech, 
of  hearing  also),  and  of  the  peripheral  sensations  of  the  skin  and 
muscles  ;  which  convey  a  conscious  impression  of  the  correctness 
or  inaccuracy  of  the  movements,  and  enable  the  person  to  apply 
to  them  the  proper  corrections.  By  continued  exercise  and 
repetition  the  movements  become  more  and  more  perfect,  and 
may  thus  reach  a  high  degree  of  precision. 

When  co-ordination  has  once  been  acquired,  and  the  motor 
paths  concerned  have  been  suflliciently  trodden,  the  complicated 
movements  take  place  quite  automatically,  in  response  to  a  simple 
impulse  of  the  will,  aided  by  the  apparatus  for  co-ordination. 
A  supervision  by  the  sight  or  the  sense  of  touch  is  then  no  longer 
needed.  This  clearly  appears  from  the  fact,  that  after  a  little 
practice  we  can  execute  the  most  complicated  motions  with  a 
swiftness  and  sureness  which  prove  that  they  are  not  at  all  con- 
trolled by  any  active  and  defining  regulative  sensation — as  when 
we  grasp  at  a  certain  object,  throw  at  a  mark,  leap  over  a  ditch, 
play  the  piano  in  the  most  rapid  time,  etc.  We  therefore  are 
able  so  to  determine  in  the  central  organ  the  arrangement  and 
force  of  the  various  processes  of  innervation,  and  by  the  aid  of 
the  will  and  the  co-ordinative  apparatus  so  to  bring  them  to  pass, 
that  a  completely  ordered  movement  is  the  result.  At  any  rate, 
this  is  the  way  in  which  most  co-ordinate  movements  are  per- 


PHYSIOLOGICAL  IPfTRODUCTION". 


41 


formed,  when  once  they  have  been  sufficiently  practised  and 
learnt,  as  walking,  running,  grasping,  writing,  speaking,  etc. 

The  question  as  to  the  anatomical  seat  of  the  centres  of  co-or- 
dination and  the  centrifugal  paths  belonging  to  it,  is  not  com- 
pletely settled.  According  to  the  latest  researches  (among  which 
those  of  Goltz  are  of  especial  importance)  it  appears  that  the 
proper  centres  of  co-ordination  lie  in  the  brain  only.  The  cor- 
pora quadrigemina,  thalami  optici,  and  cerebellum  are  the  organs 
which  seem  to  take  the  most  prominent  part  in  the  co-ordination 
of  movement. 

In  the  spinal  cord  there  seem  to  he  no  such  centres,  although 
the  undoubted  fact  that  orderly  reflex  movements  may  be  evoked 
from  the  cord  is  sufficient  proof  that  combined  movements,  serv- 
ing definite  purposes,  can  be  arranged  in  the  cord.  But  the 
point  we  are  here  interested  in  is  the  co-ordination  of  voluntary 
movements,  which  has  little  to  do  with  the  apparatus  for  these 
reflex  actions. 

It  seems,  upon  the  whole,  that  the  spinal  cord  contains  only 
those  paths  of  conduction  which  lead  the  co-ordinative  impulses 
to  the  muscles,  which,  therefore,  place  the  cerebral  centres  of 
co-ordination  in  connection  with  the  anterior  roots. 

In  what  part  of  the  cord  these  co-ordinative  paths  lie,  and  in 
what  manner  they  enter  into  connection  with  the  motor  paths,  is 
at  present  wholly  unknown.  Pathological  facts,  to  which  we  shall 
come  later,  permit  us  to  suspect  that  these  paths  are  to  be  sought  in 
the  white  posterior  columns  or  in  their  immediate  neighborhood  ; 
and  in  order  to  supply  the  connection  with  the  various  nerve 
paths  the  fine  network  of  nerve-fibres  may  also  be  called  in  play. 
But  the  physiological  researches  of  Woroschilolf — which,  how- 
ever, refer  only  to  the  lumbar  medulla — show  that  the  co-ordina- 
tory  paths  lie  in  the  middle  third  of  the  lateral  columns,  in  the 
hollow  between  the  anterior  and  posterior  cornua.  This  agrees 
with  a  statement  by  Schiff,  that  the  symptoms  of  ataxia  may 
be  produced  in  the  lumbar  cord  by  lesion  of  the  lateral  columns. 

In  the  closest  connection  with  the  co-ordination  of  movements 
we  may  here  speak  briefly  of  the  processes  which  enable  us  to 
retain  the  equilibrium  of  the  body.  In  the  execution  of  this 
function  a  large  number  of  accurately  and  finely  co-ordinated 


42   ERB.— DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

muscular  contractions  are  concerned,  wliicli  continually  alter  tlie 
centre  of  gravity  of  the  body  in  sucli  a  way  that  its  equipoise  is 
kept  and  the  body  remains  upright.  For  this  purpose  a  con- 
stant oversight  by  the  senses  appears  to  be  necessary,  to  inform 
lis  of  the  position  of  the  body  in  space  and  of  the  posture  and 
position  of  the  parts  of  the  body.  The  oversight  is  exercised 
partly  by  the  sensibility  of  the  soles  of  the  feet,  the  joints,  the 
muscles,  the  skin,  etc.,  partly  by  the  sense  of  sight,  and  perhaps 
also  by  the  semicircular  canals  of  the  labyrinth  of  the  ear.  These 
centripetal  stimuli,  constantly  in  activity,  are  converted  in  the 
central  organ  into  definite  co-ordinated  movements,  which  pre- 
serve the  equilibrium  of  the  body.  The  co-ordinating  centre 
w^hich  preserves  the  balance  of  the  body  is  supposed  to  lie 
in  the  corpora  quadrigemina  and  the  thalami  optici.  The  con- 
ductive paths  appertaining  to  it  lie  in  the  spinal  cord,  of  course, 
with  the  exception  of  those  which  come  from  the  organs  of  sight 
and  hearing.  The  sensory  paths  for  this  function  are  situated, 
without  doubt,  in  the  posterior  columns  and  the  gray  substance  ; 
the  situation  of  the  centrifugal  paths  is  unknown. 

Yaso-motor  Paths  and  Centres  in  the  Spinal  Cord. 

These  have  been  the  object  of  much  and  repeated  investiga- 
tion down  to  the  most  recent  time.  Cutting  the  cord  at  any 
point  produces  a  transitory  but  very  considerable  dilatation  of 
all  the  arteries  below  the  point  of  section  ;  irritation  of  the  cord, 
on  the  contrary,  produces  a  contraction  of  the  arteries  below  the 
point  of  irritation.  From  this  we  may  infer  that  vaso-motor  paths 
run  in  a  centrifugal  direction  in  the  cord.  They  are  said  to  be 
chiefly  contained  in  the  lateral  columns,  and  in  part,  probably 
in  the  gray  matter  also  ;  they  are  supposed  to  decussate  for  cer- 
tain parts  of  the  body,  especially  for  the  vessels  of  the  thigh  and 
trunk  (Scliiff).    This  statement,  however,  is  denied  (von  Bezold). 

The  centres  of  vaso-motor  innervation  certainly  lie  in  the  cord 
and  medulla  oblongata.  It  has  hitherto  been  general]}'-  assumed 
that  the  chief  centre  lies  in  the  medulla  oblongata  ;  but  the 
researches  of  Goltz,  Schlesinger,  Vulpian,  and  Mor,  Nussbaum 
have  now  established  beyond  a  doubt  that  vaso-motor  centres  are 
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found  throughout  the  length  of  the  cord  as  far  down  as  the  lum- 
bar region.  It  is  from  these  centres  that  the  tone  of  the  vessels 
is  re-established  when  they  have  been  dilated  after  section  of  the 
cord.  The  wound  at  first  inflicts  a  shock,  with  temporary  paral- 
ysis ;  hence  the  dilation  which  directly' follows  the  section.  As 
soon  as  the  centres  have  recovered,  the  vessels  return  to  their 
normal  volume ;  every  fresh  section  of  the  cord  at  a  lower  point 
produces  the  same  series  of  phenomena.  A  continued,  or  even 
a  permanent  paralysis  of  the  vessels  may  occur,  but  only  when 
the  entire  cord  is  destroyed ;  in  this  case  the  irritation  of  peri- 
pheral sensory  nerves  no  longer  produces  a  reflex  contraction  or 
dilatation  of  vessels,  in  the  way  observed  when  the  lumbar  cord, 
including  the  vaso-motor  centres,  is  intact. 

But  even  when  the  lumbar  cord  is  totally  destroyed,  the  ves- 
sels of  the  posterior  half  of  the  body  are  neither  permanently  nor 
wholly  paralyzed  ;  the  original  dilatation  gradually  diminishes, 
and  the  cutaneous  temperature,  at  first  considerably  increased, 
sinJts  again  to  the  normal  point  or  beneath  it.  The  same  is  the 
case  after  section  of  the  sciatic  nerve.  These  facts  have  com- 
pelled us  to  suppose  that  the  vessels  also  possess  a  peripheral 
gangliar  apparatus,  like  that  of  the  heart,  which  preserves  their 
tone  and  keeps  them  at  a  certain  degree  of  dilatation,  even  when 
they  are  cut  off  from  all  connection  with  the  nerve-centres. 

G-oltz  ^  has  recently  attempted  to  refer  all  the  vaso-motor  phe- 
nomena which  occur  during  the  various  experiments  in  section 
of  the  nerve  to  irritation  of  naso-dilator  nerves.  These,  when 
irritated  by  the  cut,  he  supposed  to  act  upon  the  peripheral 
ganglia  like  a  sort  of  nerve  of  arrest,  paralyzing  their  activity, 
and  thus  producing  a  lax  condition  of  the  vessels.  According 
to  this  view  the  cord  contains  only  that  class  of  vaso-motor  cen- 
tres which  cause  dilatation  of  vessels.  In  spite  of  the  elaborate 
defence  of  this  position — which  is  also  held  by  Vulpian — it  has 
not  proved  sound,  and  a  further  series  of  researches,  made 
by  Putzeys  and  Tarchanoff  in  the  laboratory  of  Goltz,  has  again 
shaken  the  theory  of  vaso-dilator  nerves."   They  refer  the  symp- 
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toms  to  a  great  exhaustibility  and  an  excessive  stimulation  of 
the  vaso-motor  paths,  which  result  in  immediate  dilation  of  the 
vessels,  preceded  regularly  by  a  brief  period  of  contraction. 

The  vascular  tonus,  therefore,  is  under  the  influence  of  cer- 
tain very  complicated  sets  of  apparatus  ;  those  of  the  peripheral 
nerves  come  first,  but  are  subordinated  to  the  centres  in  the 
spinal  cord,  so  that  when  the  latter  are  excluded,  the  former 
require  some  time  to  develop  their  entire  activity  and  to  restore 
the  tone  of  the  vessels.  This  increase  of  the  activity  of  the  peri- 
pheral ganglionic  apparatus  is  perhaps  favored  by  the  increased 
influx  of  blood  which  occurs  after  the  spinal  centres  have  been 
excluded.  A  similar  relation  may  exist  between  the  spinal 
centres  and  the  vaso-motor  centres  in  the  medulla  oblongata. 

It  is  not  known  where  the  vaso-motor  centres  in  the  spinal 
cord  are  situated :  probably  in  the  gray  anterior  pillars.  The 
vaso-motor  nerves  which  come  from  these  centres  mostly  lie  in 
the  lateral  columns  ;  they  leave  the  cord  in  the  anterior  roots  ; 
those  destined  for  the  head  come  from  the  cervical  cord,  those 
for  the  upper  extremities  from  the  upper  dorsal,  those  for  the 
pelvis  and  lower  extremities  from  the  lower  dorsal  and  the  lum- 
bar cord  ;  the  abdominal  viscera  receive  their  vaso-motor  nerves 
through  the  splanchnic,  and  the  uro-genital  apparatus  from  the 
lumbar  nerves. 

Trophic  Centres  and  Paths  in  the  Spinal  Cord. 

Physiology  is  entirely  in  doubt  respecting  the  existence  and 
the  mode  of  action  of  trophic  nerves.  Pathological  facts,  in 
numbers,  have  continually  pointed  to  the  existence  of  some 
such  trophic  influence,  coming  from  the  nervous  centres  ;  but  no 
generally  accepted  basis  for  a  doctrine  of  the  trophic  nerves  and 
their  functions  has  ever  been  established.  We  may  therefore 
confine  ourselves  to  a  few  remarks,  and  avoid  a  close  discussion 
of  this  section  of  the  general  pathology  of  the  spinal  cord. 

The  influence  of  the  nervous  system  upon  the  processes  of 
secretion  is  probably  no  longer  doubted,  in  view  of  what  we 
really  know  concerning  the  secretion  of  saliva.  It  is  palpable 
that  these  processes  have  the  very  closest  analogy  with  processes 
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of  nutrition.  That  the  nutrition  of  most  of  the  peripheral  parts, 
the  nerves,  muscles,  bones,  joints,  skin,  hair,  nails,  etc.,  depends 
in  many  respects  upon  the  spinal  cord  seems  to  follow  from 
numerous  pathological  facts  which  have  been  collected  by 
Charcot.^  These  observations  show  that  many  and  various 
trophic  disturbances — both  those  of  an  inflammatory  and  gan- 
grenous nature,  and  also  simple  atrophy  and  degeneration — 
occur  in  all  the  parts  named  when  their  nervous  connection  with 
the  spinal  cord  is  cut  off,  or  when  the  latter  itself  is  affected  in 
certain  ways  and  in  certain  regions. 

The  nature  of  these  trophic  influences  and  the  routes  which 
conduct  them  are  in  most  points  problematic.  The  proper  cen- 
tres for  these  influences  are  probably  the  ganglion-cells,  espe- 
cially those  of  the  gray  anterior  pillars.  The  routes  over 
which  the  trophic  influences  are  conveyed  to  the  periphery  run 
in  the  motor  and  sensory  nerves  ;  but  it  is  questionable  whether 
there  exist  for  the  purpose  special  trophic  nerve-fibres,  or 
whether  the  motor  and  sensory  fibres  themselves  assist  in  con- 
veying trophic  influences.  At  all  events,  no  special  trophic 
nerves  are  anatomically  demonstrated  at  present. 

Respecting  the  position  of  the  trophic  centres  for  special 
tissues,  something  is  known,  but  most  is  obscure.  Those  for 
sensitive  nerves  seem  to  lie  in  the  spinal  ganglia,  as  found  by 
Waller  and  confirmed  by  Schiff.  There  are  numerous  and  well- 
established  pathological  facts  in  favor  of  this  view,  as  degenera- 
tion of  the  posterior  roots,  with  unimpaired  nutrition  of  the 
peripheral  sensitive  nerves,  in  cases  by  Charcot,  Vulpian, 
Schueppel,  and  others. 

The  trophic  centres  for  motor  nerves  and  muscles  doubtless 
lie  in  the  anterior  cornua,  and  are  usually  supposed  to  exist  *in 
the  large  multipolar  ganglion-cells.  In  the  same  situation, 
according  to  pathological  facts,  the  centres  of  nutrition  for  bone 
and  joints  are  probably  to  be  found  (see  Infantile  Spinal  Paraly- 
sis). But  the  centres  of  nutrition  for  the  skin  and  its  adnexa 
are  probably  elsewhere  ;  they  are  apparently  to  be  sought  in  the 
central  gray  substance  or  the  posterior  columns,  their  nerve- 
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fibres  leaving  the  cord  with  the  posterior  roots  ;  perhaps  they 
exist  in  the  spinal  ganglia  also. 

Further  research  is  required  in  order  to  determine  all  this. 
The  experiments  of  Eichhorst  and  Naunyn '  have  lately  shown 
that  the  spinal  cord  contains  the  means  of  self -maintenance  and 
self-nutrition. 

Reflex  Action  of  the  Spinal  Cord. 

The  production  of  reflex  movements — i.  e.,  the  direct  trans- 
ference of  sensory  excitation  to  motor  paths,  unassisted  by  the 
intelligence  and  the  will — may  be  assigned  without  contradiction 
to  the  gray  substance.  All  spinal  reflex  acts — i.  e.,  all  reflex 
acts  which  occur  after  the  brain  has  been  severed  from  the  spinal 
cord — require,  without  doubt,  the  aid  of  the  gray  substance  of 
the  cord  to  produce  them.  These  results  are  confirmed  by  a 
great  variety  of  physiological  experiments  and  by  numberless 
pathological  facts. 

In  spite  of  this,  we  are  not  yet  entirely  clear  in  regard  to  the 
reflex  apparatus,  and  the  precise  course  taken  by  the  excitation 
which  produces  the  reflex  action  ;  yet  it  is  j^retty  certain  that 
ganglion- cells  constitute  the  proper  apparatus  for  producing 
reflex  action,  and  that  it  is  in  them  that  the  transference  of 
centripetal  sensory  excitation  to  centrifugal  motor  paths  takes 
place  ;  experiments  show,  further,  that  the  entering  root-fibres 
must  connect  with  ganglion-cells  very  soon  after  passing  into 
the  gray  substance. 

The  centripetal  paths,  which  convey  a  stimulus  inward,  lie 
beyond  a  doubt  in  the  posterior  roots ;  those  which  convey  forth 
a  Stimulus,  the  centrifugal,  or  motor,  lie  in  the  anterior  roots  ; 
but  of  that  which  lies  between  these  two  routes,  and  its  histo- 
logical structure,  we  are  not  well  informed.  We  may,  however, 
guess  that  there  are  branch  conductors  given  off  both  from  the 
sensory  and  from  the  motor  paths  at  various  points  within  the 
spinal  cord,  which  meet  each  other  at  certain  ganglia  and  groups 
of  ganglia  (reflex  centres),  and  enter  into  conductive  communica- 
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tion  with  each  other  ;  but  these  conductors  may  be  supposed  to 
be  connected  by  means  of  the  line  network  of  nerves  with  all 
otlier  possible  paths  in  the  gray  matter,  up  to  a  great  distance 
from  tlieir  proper  seat,  so  that  a  reflex  motor  excitation,  origi- 
nating from  a  single  point,  may  be  diffused  more  or  less  exten- 
sively. The  reflex  excitation  may  therefore  pass  to  many  or 
even  all  of  the  motor  paths  ;  but,  as  a  rule,  it  passes  to  but 
a  few,  and  often  to  but  a  single  one. 

There  exist  numberless  paths,  with  very  various  resistances 
to  conduction  ;  those  which  present  the  least  resistance  are  first 
occupied.  If  the  strength  of  the  u-ritation  is  increased,  or  the 
resistance  within  the  reflex  paths  is  diminished,  the  reflex 
movements  are  correspondingly  increased  in  extent. 

In  harmony  with  this  complication  is  the  fact,  that  the  time 
required  to  carry  out  the  reflex  conduction  is  many  times 
(according  to  Helmlioltz  11-14  times)  greater  than  that  required 
for  simple  motor  conduction. 

The  degree  of  reflex  irritability  differs  very  much  in  different 
persons  ;  in  many,  all  possible  reflex  acts  can  be  produced  with 
the  greatest  ease,  while  in  others  this  is  very  difiicult,  or  impos- 
sible. Various  physiological  conditions,  many  poisons,  and  espe- 
cially pathological  conditions,  have  the  power  to  modify  the 
reflex  irritability  to  a  considerable  extent. 

The  first  and  ordinary  consequence  of  a  brief  sensory  irrita- 
tion is  a  simple  brief  contraction  of  the  muscles,  or  a  more 
prolonged  tetanic  contraction  ;  subsequently  repeated  convulsive 
jerks  also  occur  ;  Freusberg '  and  Goltz '  have  lately  observed 
reflex  actions  that  intermitted  rhythmically,  following  a  single 
or  continued  irritation ;  in  the  higher  degrees  of  excitation  the 
muscular  contractions  become  more  and  more  extended,  and 
almost  the  entire  musculature  may  at  last  take  part  in  the  reflex 
action,  as  occurs  in  many  forms  of  general  spasm. 

The  way  in  which  the  reflected  actions  increase  in  extent, 
while  the  irritation  is  increased,  has  been  carefully  studied  by 
Pflueger,  who  found  the  following  results  :  The  excitation,  pass- 


'  Reflexbewegungen  beim  Hunde.    Pflueger's  Archiv.  IX.  p.  358. 
Ueber  die  Funotionen  des  Lendenmarks  dea  Hundes,  Ibid.  VIIL  p.  400. 
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ing  from  a  sensory  fibre,  is  first  transferred  to  motor  fibres  on 
the  same  side  and  the  same  level  of  the  cord ;  next  it  passes  to 
the  symmetrically  situated  fibres  of  the  other  side,  but  in  a  some- 
what weaker  degree ;  then  motor  fibres  in  other  sections  of  the 
cord  are  attacked,  first  those  lying  above  toward  the  medulla 
oblongata,  and  afterwards  those  situated  lower  down  ;  finally, 
general  reflex  contractions  of  the  great  part  of  the  muscular 
system  occur. 

The  reflex  actions  are  not  always  simple  movements ;  more 
or  less  complicated  movements  occur,  which  may  even  have  the 
appearance  of  adaptation  to  a  certain  end  (movements  of  self- 
defence,  of  flight,  and  the  like),  in  which  cases  there  doubtless 
exists  a  simultaneous  excitation  of  several  motor  paths,  which 
are  associated  in  the  cord  for  certain  purposes,  or  are  united  by 
habit.  There  are,  however,  actual  series  of  motions,  motions 
with  a  proper  sequence,  which  serve  a  given  purpose  ;  such  are, 
for  instance,  the  rhythmic  twitching  of  the  hind  legs,  described 
by  Freusberg,  the  processes  concerned  in  defecation,  etc.  These 
cases  are  sometimes  instances  of  a  stimulus  to  new  motion, 
originating  in  the  first  reflex  action;  or  they  are  cases  of  the 
stimulation  of  entire  centres,  which  govern  various  physiological 
acts  at  once. 

Reflex  actions  may  be  originated  by  stimulus  applied  to  any 
sensitive  part  of  the  body.  Cutaneous  reflex  actions  are  the  best 
known,  originating  in  stimulation  of  the  skin  ;  the  most  sensitive 
regions  in  this  respect  are  the  sole  of  the  foot,  the  face,  the  front 
of  the  belly,  the  inner  surface  of  the  thigh.  Irritation  of  the  skin 
excites  in  different  persons  more  or  less  generalized  reflex  actions, 
which  are  strictly  obedient  to  Pflueger' s  laws  of  reflexion. 

The  tendinous  reflexions,  lately  described  by  VVestphal  ^  and 
myself,^  are  of  great  importance  in  pathology.  The  tendon  of 
the  quadriceps  and  the  ligamentum  patellae,  the  tendo-Achillis, 
and  the  triceps  tendon  in  the  upper  arm,  are  the  best  points  for 
demonstrating  these  reflex  actions,  as  yet  only  observed  in  man. 
They  are  caused  only  by  mechanical  irritation  (light  tapping 

'  Ueber  einige  Bewegungserscheinungen  an  gelahmten  Gliedern.  Arch,  fiir  Psych, 
u.  Nervenkrankh.  V.  p.  803.  1875. 

'  Ueb.  Sehnenreflexe  bei  Gesunden  und  bei  R .-M. -Kranken.  Ibid.  V.  p.  703. 
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with  the  finger  or  the  percussion  hammer),  are  very  easily  dis- 
tino-uished  from  the  cutaneous  reflex  actions,  and  are  strictly 
confined  to  the  muscles  and  groups  of  muscles  belonging  to 
these  tendons.  Similar  reflex  actions  can  be  originated,  at  least 
in  cases  of  pathological  increase  of  excitability,  from  the  peri- 
osteum of  many  bones,  from  fascife  and  articular  ligaments. 

Westphal's  article,  containing  a  great  quantity  of  interesting  and  valuable  mate- 
rial bearing  on  the  phenomena  in  question,  appeared  after  I  liad  written  the  above. 
He  gives  the  name  of  "lower  leg  phenomena"  to  that  which  I  denominated  the 
tendo-patellce  reflex  action,  and  the  name  of  "foot  phenomenon"  to  the  reflex  clo- 
nus which  occurs  wlien  the  foot  is  jjassively  moved  in  dorsal  flexion  (to  be  described 
in  the  section  on  general  symptomatology  under  "Increase  in  Reflex  Activity"). 
The  article  shows  that  Westphal  does  not  consider  these  as  reflex  acts,  but  believes 
that  the  muscular  contractions  are  produced  directly  by  mechanical  stretching  and 
shock  of  the  muscular  substance.  The  fact  that  this  is  most  easily  produced  at  the 
tendon  depends  on  the  facility  with  which  the  fibres  of  the  muscle  can  be  mechani- 
cally irritated  all  at  once,  by  pulling  the  tendon.  Westphal,  therefore,  considers 
the  phenomenon  as  due  to  a  direct  irritation  of  muscle,  and  comijares  it  in  patho- 
logical cases  with  abnormal  states  of  muscular  tension  and  contraction. 

We  ought,  I  tliink,  to  have  very  convincing  grounds  for  abandoning  the  theory 
whicli  lies  next  at  liaud,  with  its  numerous  physiological  analogies,  especially  when 
the  positive  reasons  for  the  alternative  theory  are  so  very  few.  I  can  by  no  means 
admit  the  existence  of  such  reasons,  as  opposed  to  the  reflex  theory  of  these  ijheno- 
mena.  Moreover,  a  great  number  of  positive  facts,  which  I  have  since  collected, 
and  which  can  easily  be  proved,  even  upon  many  well  persons,  are  so  decidedly  in 
favor  of  the  reflex  theory,  and  against  the  theory  of  direct  muscular  irritation,  that 
all  my  doubts  are  completely  put  to  rest.  I  will  mention  only  a  few  of  these  briefly. 
In  many  patients,  the  quadriceps  reflex  action  can  be  produced  by  moderate  tap- 
ping on  a  large  part  of  the  free  surface  of  the  til)ia.  Tapping  on  tendons  in  places 
where  firm  substance  underlies  them  (e.  g.,  tendon  of  the  tibialis  posticus  under  the 
malleolus)  produces  the  reflex  action.  In  both  these  cases,  all  mechanical  action 
upon  the  muscle  is  avoided.  We  can  produce  the  eifect  upon  the  biceps  femoris  (in 
patients)  ])y  taking  up  the  tendon  in  our  fingers,  in  an  entirely  relaxed  condition, 
and  pinching  it  a  little  while;  this  succeeds,  even  if  the  tendon  just  above  the 
pinclicd  part  is  held  firmly  with  the  other  hand.  The  reflex  action  of  the  supinator 
longus  can  be  produced  from  the  lower  end  of  the  radius.  I  saw  in  one  case  a 
reflex  contraction  produced  in  the  deltoid  when  the  capitulum  ulna;  was  lightly 
tapped,  and  one  in  the  triceps  brachii  when  a  spot  near  the  c.  ulnaj  was  tapped.  In 
all  tliese  cases  the  experiments  were  carefully  repeated,  to  show  that  the  reflex  action 
did  not  originate  in  the  skin,  and  that  no  mechanical  shock,  transferred  to  the  dis- 
tant muscle,  could  liave  licen  the  cause.  In  hcmiplegic  patients,  when  the  patellar 
tendon  of  one  side  is  tapped,  we  often  see  twitching  of  the  adductors  of  the  other 
VOL.  XIII.— 4 
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side.  In  a  case  of  compression  of  the  lumbar  cord  the  tendo-patella;  reflex  action 
was  absent ;  when  the  motility  returned,  the  reflex  action  also  appeared — a  proof 
that  the  integrity  of  the  conduction  to  the  central  organ  is  requisite.  In  tabes 
■we  often  find  the  tendo-patelloe  reflex  action  wholly  absent,  while  the  mechanical 
excitability  of  the  quadriceps  is  retained  or  even  exaggerated. 

But  the  question  has  since  been  attacked  experimentally,  and,  as  it  seems  to  mc, 
has  been  decided  beyond  a  doubt.  F.  Schultze  and  P.  Fuerbringer '  hare  made  a 
series  of  experiments,  all  favorable  to  the  reflex  theory.  It  appeared,  first,  that  in 
rabbits  and  dogs  the  phenomenon  of  the  tendo-patellse  is  a  quite  constant  occur- 
rence, and  has  remained  unknown  to  physiology  only  becaiise  it  has  never  been 
looked  into ;  the  reflex  act  can  be  produced  with  especial  ease  and  distinctness 
from  the  exposed  tendon.  The  experiments  were  associated  in  some  instances  with 
section  of  the  spinal  cord,  in  others  not ;  they  were  modified  in  the  greatest  variety 
of  ways  by  section  of  the  nerves  and  muscles,  poisoning  with  curare,  etc.,  and  their 
uniform  testimony  was  to  the  effect  that  the  muscular  phenomena  in  question  cannot 
ie  due  to  a  direct  action  through  the  tendon,  hut  depend  on  a  reflex  operation,  the 
mechanism  for  which,  in  the  case  of  the  lower  extremity,  is  situated  in  the  lower 
segments  of  the  sjjinal  cord ;  and  lastly,  that  a  reflex  act  originating  in  the  shin  can- 
not possibly  ie  the  cause. 

The  last  statement  leads  by  anticipation  to  the  observation  of  Joffroy'  that  these 
phenomena,  at  least  in  pathological  cases,  are  essentially  due  to  irritation  of  the 
skin,  while  the  irritation  of  the  tendon  plays  only  a  suboi"dinate  part.  JofEroy 
brings  many  instances  in  which  irritation  of  the  skin  produced  the  phenomenon  of 
reflex  clonus  of  the  muscles  of  the  calf,  to  be  described  below.  I  have  repeatedly 
seen  this.  I  have,  however,  convinced  myself  that  this  also  is  due  simply  to  a  sec- 
ondary irritation  of  the  tendon.  In  such  cases,  every  cutaneous  irrifetion  of  the 
foot  produces  a  reflex  dorsal  flexion  of  the  member,  and  this  suffices  to  originate  a 
reflex  clonus,  exactly  as  passive  dorsal  flexion  would  produce  it.  Whether  or  not 
there  are  cases  in  which  the  spasmodic  tremor  can  be  originated  directly  from  the 
skin,  I  must  for  the  present  leave  undecided. 

It  remains  to  be  said,  that  0.  Bsrger  is  decidedly  in  favor  of  the  reflex  theory, 
upon  the  ground  of  such  facts  as  I  have  mentioned.' 

"We  may  therefore  with  propriety  introduce  the  name  of  "tendinous  reflexion" 
for  this  phenomenon. 

Our  view  is  decidedly  supported  by  C.  Sachs'  very  recent  demonstration  of 
nerves  in  the  tendons,  which  can  hardly  have  any  other  than  a  sensitive  function.'' 

It  is  also  known,  and  has  lately  been  confirmed  by  Freus- 
berg's  data,  that  numerous  reflex  actions  may  originate  from  the 

'  Centralbl.  f.  d.  med.  Wiss.  1875.  No.  LIV. 

'  De  la  trepidation  (Spileptoi'de  da  membre  inf6r. ,  etc.  Gaz.  med.  de  Paris.  1875 
No.  33  et  35. 

3  Schles.  Gesellach.  f.  vat.  Cult.  Medic.  Sect.  Sitzg.  v.  23.  Juli,  1875. 
*  Die  Nerven  der  Sehnen.    Reichert  und  Du  Bois'  Archiv.  1875.  p.  402. 
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riscera,  as  the  bladder,  rectum,  anus,  tlie  intestines  (dependent 
on  their  degree  of  fulness),  etc.  Freusberg  has,  finally,  tried  to 
show  the  probability  that  reflex  actions  may  also  be  originated 
from  sensitive  nerves  in  muscles,  by  twitching  and  stretching 
them.   All  these  matters  find  their  parallel  in  human  pathology. 

We  have  hitherto  spoken  almost  exclusively  of  reflex  actions 
which  affect  the  voluntary  striped  muscle.  But  it  is  easy  to 
show  that  reflex  actions  may  extend  to  all  the  centrifugal  phe- 
nomena, and  that  such  actions  play  a  most  prominent  part  in  the 
occurrence  of  many  phenomena  of  movement ;  we  would  call  to 
mind  the  reflex  processes  which  are  so  essential  to  the  discharge 
of  faeces  and  urine,  to  the  movements  of  the  stomach  and  intes- 
tine, to  erection  and  ejaculation,  to  the  movements  of  the  uterus  ; 
the  reflex  production  of  the  secretion  ;  and  lastly,  the  important 
reflex  processes  which  occur  in  the  blood-vessels,  and  are  carried 
out  through  the  vaso-motor  paths.  J^WEST-RiDiN'U 

■.,t:DK)0-CHWURGICAl 

InMMtion  of  Reflex  Action. 

Tlie  experiments  upon  reflex  action  have  also  shown  that  the 
irritation  of  certain  parts  may  give  rise  to  an  inhibition  or  sup- 
pression of  spinal  reflex  acts.  And  it  appears  that  this  effect 
may  be  produced  as  follows  : 

First,  a  powerful  arresting  influence  proceeds  from  the  hrain 
(Setchenow).  Daily  experience  shows  that  we  can  suppress 
many  reflex  acts  by  the  aid  of  the  will ;  but  this  relates  only  to 
such  acts  as  stand  under  the  general  control  of  the  will,  and  can 
be  performed  by  a  voluntary  effort.  Experiments  show  that 
separation  of  the  brain  from  the  cord  considerably  increases  the 
spinal  reflex  actions  ;  such  a  separation  is  in  fact  always  made 
when  the  reflex  processes  have  to  be  studied.  It  is  further 
shown  that  irritation  of  certain  parts  of  the  brain  (in  frogs,  the 
so-called  optic  lobes)  lessens  the  spinal  reflex  acts,  and  retards 
them,  or  entirely  puts  an  end  to  them.  The  paths  of  conduction 
for  these  inhibitory  influences  from  the  brain  are  thought  to  lie 
in  the  white  anterior  columns. 

Inhibition  of  reflex  acts  can  also  be  produced  from  the  peri- 
pJiery.  Numerous  physiological  experiments  within  the  last  few 
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years  have  sliown  that  the  spinal  reflexions  can  be  arrested  and 
completely  suppressed  by  irritation  of  sensitive  nerves  (Lewis- 
son,  Setchenow,  Nothnagel,  Goltz,  Freusberg).  A  great  variety 
of  sensitive  paths  may  be  used  by  this  function  ;  the  inhibition 
takes  place  with  most  certainty  from  the  skin,  whether  by  power- 
ful irritation  of  a  limited  spot,  or  by  slight  irritation  of  large 
surfaces ;  it  may  also  be  originated  by  irritation  of  the  sensory 
nerve-trunks,  of  the  sensitive  muscular  nerves,  or  of  the  viscera 
{e.  g.,  by  distention  of  the  intestines  and  stomach).  The  paths 
used  in  the  production  of  these  processes  of  inhibition  lie,  with- 
out doubt,  in  the  posterior  roots. 

We  have,  however,  nothing  but  conjecture  to  aid  us  in  form- 
ing an  idea  as  to  how  these  acts  of  inhibition  come  to  pass  in  the 
cord  itself.  We  know  that  the  reflex  acts  are  arrested  when  the 
sensory  cells  of  the  reflex  arc  receive  impressions  simultaneously 
from  other  sensory  districts — central  or  peripheral.  "The  sus- 
cej)tibility  of  certain  centres  to  impressions  which  give  rise  to 
the  reflex  act  is  lessened,  when  these  centres  receive  impressions 
from  other  nerves  at  the  same  time"  (Croltz).  It  is  quite  obvious 
that  this  statement  is  not  an  adequate  explanation.  Perhaps 
there  exists  a  special  inhibitory  apparatus  in  the  cord. 

Centres  and  Paths  for  the  Innervation  of  the  Viscera. 

The  innervation  of  the  heart,  apart  from  the  centres  situated 
within  itself,  is  dependent  on  certain  centres  in  the  medulla 
oblongata.  As  regards  the  part  taken  by  the  cord  in  the  ex- 
tremely complicated  innervation  of  the  heart,  there  still  exists  a 
difference  of  opinion.  It  is  thought  that  the  exciting  centre  for 
the  movements  of  the  heart  is  situated,  partly  or  wholly,  in  the 
upper  cervical  region,  and  that  the  paths  which  lead  from  it  run 
downward  for  some  distance  in  the  cord,  after  which  they  reach 
the  sympathetic  by  various  routes,  thence  passing  to  the  heart. 
Irritation  of  the  paths  in  the  cervical  cord  is  said  to  accelerate 
the  activity  of  the  heart. 

As  regards  those  roots  of  the  accessorius,  which  originate  low 
down  in  the  cervical  cord,  it  is  not  yet  clear  how  important  they 
may  be  in  the  innervation  of  the  heart.    But  the  cord  possesses 
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a  powerful  influence  on  the  movements  of  the  heart,  tlirough  the 
vaso-motor  innervation  ;  it  is  well  known  that  irritation  or  paral- 
ysis of  the  vaso-niotor  nerves  exercises  a  great  influence  upon 
the  rate  and  the  force  of  the  heart's  action. 

The  activity  of  the  organs  of  respiration  is  also  dependent 
on  the  respiratory  centres  in  the  medulla  oblongata.  Recent 
investigations  by  P.  Rokitansky '  seem  to  show  that  there  exist 
respiratory  centres,  analogous  to  the  vaso-motor,  in  the  upper  part 
of  the  cord,  whose  function  becomes  more  distinct  after  the  cord 
is  severed  from  the  medulla  oblongata. 

The  paths  which  conduct  the  excitation  from  the  centres  of 
respiration  to  the  muscles  of  respiration  are  said  to  be  all  con- 
tained in  the  lateral  columns  of  the  cervical  cord  and  upper  dor- 
sal cord.  This  view  has  lately  been  maintained  by  Schiff  against 
the  attacks  of  Brown- Sequard  and  others. 

The  cord  seems  to  have  a  great  influence  upon  the  movements 
of  the  digestive  tract.  All  these  movements  (swallowing,  peris- 
tole of  the  stomach  and  intestine)  are  reflex  in  their  nature,  and 
are  probably  produced  by  centres  situated  in  the  cord.  On  the 
other  hand,  the  cord  has  also  a  reflex  inhibitory  power  over  these 
movements.  Thus  GoltzMias  demonstrated  an  inhibitory  influ- 
ence exercised  by  the  cord  upon  the  movements  of  the  CESophagus 
and  the  stomach,  and  states  further,  that  destruction  of  the  cord 
produces  extensive  and  active  peristaltic  action  of  the  bowel,  and 
causes  diarrhoea.  It  is  much  to  be  wished  that  we  possessed 
more  accurate  investigations  into  these  relationships,  and  into 
the  seat  of  the  centres  and  paths. 

The  evacuation  of  the  rectum  is  produced  by  a  more  compli- 
cated mechanism,  as  follows  :  The  contents  of  the  intestine  enter 
the  rectum,  producing  a  reflex  peristaltic  action  of  the  latter; 
the  centre  for  this  reflex  act  is  situated  in  the  lumbar  cord.  The 
pressure  of  the  contents  against  the  place  of  exit  probably  at 
flrst  excites  the  tonicity  of  the  sphincters  by  reflex  action,  and 
interferes  with  evacuation.  At  the  same  time  the  sensitive  nerves 
give  notice  to  the  consciousness  of  the  approach  of  an  evacuation, 


'  Untersuch.  iib.  d.  Athemnervenccntra.  Wien.  raed.  Jahrb.  1874.  I.  S.  30. 
'  Pfliiger'a  Archiv.  VL  1873. 
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and  the  influence  of  the  will  can  be  invoked  to  strengthen  the 
contraction  of  the  sphincter  and  prevent  the  occurrence  of  dis- 
charge for  a  while.  If  the  reflex  contraction  becomes  stronger, 
or  if  the  sphincter  is  voluntarily  relaxed,  the  discharge  takes 
place.  It  is  aided  by  the  action  of  the  abdominal  compression 
(straining),  which  is  either  voluntary,  or,  in  case  of  severe  irri- 
tation of  the  mucous  membrane  of  the  rectum  (tenesmus),  is 
directly  reflex.  The  passage  of  the  masses  of  faeces  through  the 
anus  provokes  those  rhythmic  reflex  contractions  which  Goltz ' 
has  described,  the  reflex  centres  for  which  must  also  be  sought 
in  the  lumbar  cord.    These  contractions  close  up  the  rectum. 

The  centres  for  all  these  j)rocesses  lie  in  the  lumbar  cord ;  the 
paths  from  the  centres  to  the  rectum  lie  in  the  sacral  nerves  and 
the  sympathetic  plexuses.  And  as  the  sensory  and  motor  paths 
which  ascend  from  the  rectum  through  the  cord  to  the  brain  (the 
position  of  which  in  the  transverse  section  is  not  yet  exactly 
known),  are  also  concerned  in  the  process  of  fsecal  evacuation,  it 
is  easy  to  see  how  many  points  there  are  whence  pathological 
disturbances  in  the  process  of  evacuation  may  originate. 

Quite  analogous  conditions  are  found  in  the  evacuation  of 
urine,  the  disturbances  of  which  are  so  extremely  common  in 
diseases  of  the  cord.  According  to  Goltz'  new  and  admirable 
investigations,"  the  normal  process  is  as  follows  :  the  increasing 
fullness  of  the  bladder  produces  an  increasing  irritation  of  the 
walls  ;  by  this  sensory  irritation  a  reflex  contraction  of  the  detru- 
sor is  occasioned  through  the  agency  of  a  centre  located  in  the 
lumbar  medulla  ;  at  the  same  time  the  impulse  to  urinate  reaches 
the  consciousness,  when  the  evacuation  may  be  prevented  by 
voluntary  contraction  of  the  sphincter  vesicae,  or  of  the  urethral 
muscles  which  act  as  sphincters,  until  the  vesical  muscles  become 
fatigued  and  the  impulse  to  urinate  diminishes.  The  tonus  of 
the  sphincter  may  also,  perhaps,  be  increased  reflexly  by  the 
entrance  of  the  first  drops  of  urine  into  the  urethra.  After  some 
time  fresh  and  more  powerful  contractions  of  the  detrusor  occur, 
until  at  last  the  sphincter  is  overpowered,  or  is  voluntarily 


'  Pfliiger's  ArcWv.  VIII.  1873. 

'  Ueber  die  Fiinctionen  des  Lendemnarks  des  Hundes.  Ibid.  VIII.  p.  474. 
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relaxed,  when  the  evacuation  takes  place  ;  it  can  be  hastened  by 
the  action  of  abdominal  straining,  either  voluntary,  or,  if  the 
impulse  to  urinate  is  very  strong,  of  a  reflex  sort ;  and  is  con- 
cluded by  a  few  rhythmic  conti-actions  of  the  urethral  muscles. 

The  act  of  evacuating  the  bladder  is,  therefore,  purely  reflex 
in  its  nature  ;  the  centre  for  its  accomplishment  lies  in  the  lum- 
bar medulla. 

After  section  of  the  dorsal  medulla  the  evacuation  takes  place  in  a  perfectly 
regular  way,  -whenever  the  bladder  has  reached  its  normal  point  of  fullness,  or  the 
wall  of  the  bladder  is  irritated  in  some  other  way.  The  complete  paralysis  and 
cessation  of  evacuation  which  appears  to  occur  during  the  first  days  after  the 
operation,  depends  on  the  concussion  (Erschiitterung)  of  the  lumbar  medulla  and 
paralysis  of  its  centres  which  the  o^Dcration  brings  about.  These  centres  usually 
recover  in  a  short  time,  and  resume  their  functions. 

The  evacuation  is  excited  by  sensory  irritations,  the  most 
active  of  which  is  irritation  of  the  wall  of  the  bladder  itself  by 
distention  and  pressure  from  its  contents  ;  but  irritation  of  the 
anal  region  may  also  provoke  the  discharge.  The  sensory  and 
motor  nerves  of  the  bladder,  which  form  the  paths  for  this  reflex 
process,  leave  the  lumbar  medulla  along  with  the  roots  of  the 
sacral  nerves  (probably  the  third,  fourth,  and  fifth),  and  pass 
with  them,  either  directly  or  through  the  sympathetic  plexuses, 
to  the  mucous  membrane  and  the  muscles  of  the  bladder  and  the 
urethra. 

There  are,  however,  other  motor  and  sensory  paths,  whicli  lead 
upwards  in  the  spinal  cord  from  the  bladder  to  the  brain.  Budge 
has  succeeded  in  producing  contractions  of  the  bladder  by  stimu- 
lating the  cord  as  high  up  as  the  pedunculi  cerebri ;  the  paths 
are  supposed  to  lie  in  the  anterior  columns  of  the  cord.  It 
requires  no  proof  to  show  that  the  routes  for  the  voluntary  exci- 
tation of  the  sphincter  and  the  urethral  muscles  also  run  through 
the  cord  to  the  brain. 

In  spite  of  this,  the  will  seems  to  exercise  no  direct  influence 
upon  the  contraction  of  the  detrusor.  The  voluntary  discharge 
which  we  can  produce  without  the  presence  of  the  impulse  to 
urinate,  is  probably  brought  about  by  relaxing  the  sphincter, 
and  bringing  a  powerful  abdominal  pressure  to  bear  upon  the 
walls  of  the  bladder,  which  gives  rise  to  a  reflex  contraction  of 
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the  detrusor  (Goltz).  But  that  by  an  involuntary  reflex  action 
originating  in  the  brain  the  reflex  mechanism  of  the  lumbar 
medulla  may  be  brought  into  activity,  and  an  evacuation  pro- 
duced, is  shown  by  the  cases  in  which  psychical  impressions  are 
followed  by  sudden  discharge  of  urine ;  also  by  the  fact  that 
certain  ideas  are  capable  of  calling  out  the  desire  to  urinate,  or 
of  increasing  it  considerably.  The  paths  in  the  sj)inal  cord 
which  serve  for  the  propagation  of  this  class  of  impressions  may 
be  excited  by  irritating  the  cord  itself,  and  contractions  of  the 
bladder  produced. 

It  is  a  matter  of  daily  observation,  and  hardly  needs  to  be 
mentioned,  that  inhibitory  processes  exist  in  the  case  of  the 
mechanism  of  urination,  as  of  all  other  reflex  actions. 

The  correctness  of  the  above  statements  can  easily  be  shown 
by  careful  observation  of  one's  own  person,  and  is  fully  con- 
firmed by  pathological  facts.  We  should,  however,  be  careful 
to  observe  that  disturbances  in  the  function  may  originate,  not 
only  in  the  centre  in  the  lumbar  cord,  but  also  in  the  sensory 
and  motor  paths  which  unite  the  bladder  with  this  centre  on  the 
one  hand,  and  with  the  brain  on  the  other.  The  relations  may 
certainly  be  very  complicated. 

,  Very  similar  conditions  are  met  with  in  the  processes  of  erec- 
tion and  ejaculation,  which  also  depend  mostly  upon  the  spinal 
cord,  and  which  have  received  fresh  light  from  the  observations 
of  Goltz  (1.  c). 

The  erection  of  the  penis  is  brought  about,  according  to 
Eckhard's  investigations,^  by  direct  irritation  of  the  so-called 
nervi  erigentes,  which  originate  in  the  sacral  plexus  and  are  dis- 
tributed in  the  corpora  cavernosa.  The  process  is  now  universally 
regarded  as  an  act  of  inhibition,  exercised  by  the  nervi  erigentes 
upon  the  ganglionic  apparatus  of  the  vessels  of  the  penis  (Loven) ; 
this  causes  a  relaxation  of  the  vascular  tone,  and  a  powerful 
influx  of  blood  into  the  corpora  cavernosa,  which  produces  the 
erection. 

This  irritation  of  the  nervi  erigentes  occurs  in  the  reflex  wa}'- 
also  ;  the  centre  for  this  reflex  act  lies  in  the  lumbar  cord  (Goltz), 


'  Beitr.  z.  Anatomie  und  Physiologie.  Giessen.  Bd.  III.  IV.  und  VII. 
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for  it  is  very  easy  to  ^Droduce  reflex  erections  in  dogs  after  section 
of  the  dorsal  medulla. 

This  reflex  act  is  produced  with  most  certainty  by  irritation 
(slight  friction)  of  the  skin  of  the  penis  and  glans,  or  of  the  skin 
of  the  lower  abdomen  and  perineum ;  by  irritating  the  bladder 
or  rectum,  by  introducing  the  catheter,  and  probably  also  by 
ii-ritation  of  the  testes,  by  over-fullness  of  the  seminal  vesicles,  etc. 

The  reflex  act  can  be  arrested  or  suppressed,  either  by  power- 
ful peripheral  irritations  or  by  cerebral  influence.  Complete 
destruction  of  the  lumbar  cord  renders  it  impossible. 

The  brain  also  possesses  a  certain  influence  upon  the  occur- 
rence of  erections  ;  but  this  is  not  a  direct  influence  of  the  will, 
for  erections  cannot  be  thus  i:)roduced.  But  erections  can  be 
produced  by  loose  thoughts,  by  stimulation  of  the  fancy,  by 
looking  at  things  which  excite  sexual  appetite.  This  ajDpetite  is 
known  to  be  located  in  the  brain  ;  from  the  cerebral  centre,  the 
mechanical  reflex  centre  in  the  lumbar  cord  may  receive  the  excit- 
ing impulse.  The  paths  which  convey  this  excitation  from  the 
brain  to  the  lumbar  cord  must  lie  in  the  spinal  cord.  In  fact, 
Eckhard  has  succeeded  in  producing  erections  by  irritation  of 
the  spinal  cord,  as  high  as  the  pons  and  pedunculi.  The  same  is 
the  case  in  many  diseases  of  the  spinal  cord.  The  portion  of  the 
transverse  section  of  the  cord  which  contains  these  paths  is  not 
yet  known. 

Quite  the  same  processes  are  passed  through  in  ejaculation ; 
for  this  also  is  a  simple  reflex  act  having  its  centre  in  the  lumbar 
cord.  It  seems,  however,  to  require  for  its  production  a  some- 
what longer  and  more  powerful  irritation.  The  nerve-paths 
probably  lie  chiefly  in  the  sacral  plexus. 

The  spinal  cord  has  also  an  influence  upon  the  uterine  con- 
tractions. The  motor  nerves  of  the  uterus  lie  in  the  spinal  cord, 
and  may  be  followed,  by  irritating  them,  up  into  the  medulla 
oblongata  (W.  Schlesinger^).  Uterine  movements  may  also  be 
provoked  reflexly  from  the  sciatic  nerve.  The  centre  for  these 
movements  does  not  lie  exclusively  in  the  medulla  oblongata,  as 
was  formerly  thought,  but  such  centres  may  be  demonstrated  in 


'  Ueb.  d.  Centra  der  Gefiiss-  u.  TJterusnerven.  Wien.  med.  Jahrb.  1874.  I.  p.  1. 
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the  whole  length  of  the  cord  (Sclilesinger).  The  chief  centre  for 
the  production  of  labor-pains  lies  in  the  lumbar  cord,  according 
to  Goltz.'  After  division  of  the  dorsal  medulla  the  reflex  acts 
proper  to  copulation,  and  those  of  labor  and  birth  take  place  in 
a  normal  manner.  The  processes  of  ovulation,  of  development 
of  the  pregnant  uterus  and  the  lacteal  glands,  the  development 
of  the  impulses  which  are  associated  with  reproduction,  suffer 
no  visible  impairment  from  this  operation. 

Nasse  has  observed  in  the  human  subject,  after  crushing  of 
the  cervical  medulla,  a  normal  performance  of  the  act  of  partu- 
rition. 

The  innermtion  of  the  iris  is  also  in  part  dependent  on  the 
spinal  cord.  The  motor-paths  for  the  dilatator  pupillse  lie  in 
the  cervical  and  upper  dorsal  cord.  Irritation  of  this  region 
produces  dilatation  of  the  pupil ;  it  has  therefore  received  from 
Budge  the  name  of  centrum  cilio-spinale.  According  to  Salkow- 
ski  (Dissert.  K5nigsb.  1867),  this  centre  lies  much  higher  up, 
namely,  in  the  medulla  oblongata.  The  motor-fibres  which  pass 
from  it  run  downwards  in  the  cord  without  decussating,  pass  out 
with  the  anterior  roots  of  the  lower  cervical  and  upper  dorsal 
nerves,  go  thence  into  the  cervical  sympathetic,  and  then  to  the 
eye.  Section  of  these  fibres  causes  contraction  of  the  pupil.  The 
same  route  is  taken  by  the  vaso-motor  paths  for  the  head  and 
external  ear. 

The  influence  of  the  cord  upon  the  various  processes  of  secre- 
tion in  the  body  has  been  very  little  studied.  It  is  probable 
that  there  exists  such  an  influence  upon  the  secretion  of  sweat 
and  saliva,  and  doubtless  also  upon  the  production  of  semen  and 
ovulation,  the  secretion  of  the  digestive  fluids,  etc.  But  at  pres- 
ent we  are  not  in  possession  of  exact  knowledge  in  respect  to 
these  points. 

The  only  positive  facts  of  this  sort  that  we  possess  are  those 
furnished  by  Eckhard '  in  regard  to  the  secretion  of  urine,  who 
says  that  section  of  the  cervical  cord  produces  a  complete  and 


'  Pfluger's  Archiv.   Bd.  IX.  p.  553. 

'  Untersuchungen  iiber  Hydrurie.  Beitr.  zur  Anatomie  und  Physiol ogie.  Bd.  V.  p. 
147.  1870. 
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permanent  arrest  of  this  secretion.  Eckliard  infers  from  his 
experiments  tlie  existence  of  a  centre  for  exciting  the  secretion 
« of  urine,  situated  at  the  level  of  the  rhomboid  fossa  ;  the  excitor 
paths  which  pass  downwards  from  this  centre  leave  the  cord  by 
the  upper  dorsal  nerves  ;  there  are  also  inhibitory  paths  for  the 
secretion  of  the  urine,  located  in  the  sjDlanchnic  nerve.  The 
qualitative  changes  in  the  urine,  which  are  so  common  in  affec- 
tions of  tlie  spinal  cord,  are  probably  due  in  great  part  to  stag- 
nation of  the  urine  in  the  paralyzed  bladder,  and  to  the  decom- 
posing influences  of  secondary  disease  of  the  bladder.  , 

The  theory  of  muscular  tonicity  needs  only  a  very  short 
mention.  It  has  called  forth  a  great  deal  of  investigation,  but 
can  hardly  be  applied  in  pathology.  We  understand  by  the 
term  muscular  tonus,  a  constant  mild  innervation  of  the  striped 
muscles  by  a  stimulant  influence  proceeding  from  the  spinal 
cord.  Later  investigations  have  shown  that  this  is  probably  in 
substance  nothing  more  than  a  weak  reflex  excitement,  which 
originates  in  sensory  stimulation  of  the  skin,  muscles,  joints, 
and  other  parts,  and  is  chiefly  produced  by  the  action  of  chang- 
ing the  position  of  the  members  of  the  body. 

In  connection  with  this  point  stands  the  much  discussed 
question  of  the  influence  of  the  'posterior  roots  on  the  excitabil- 
ity of  the  anterior.  While  some  physiologists  (Harless,  Cyon, 
Steinmann,  etc.)  state  with  perfect  confidence  that  the  excitabil- 
ity of  the  anterior  roots  is  depressed  after  section  of  the  pos- 
terior, other  observers  (v.  Bezold,  Uspensky,  G.  Heidenhain, 
and  others)  have  denied  the  statement  with  equal  confidence. 
But  even  if  the  fact  were  proved,  it  does  not  possess  the  great 
importance  claimed  for  it  in  pathology. 

A  tonus  of  the  vascular  muscles  seems  proved.  The  vaso- 
motor nerves  are  its  conducting  paths  ;  they  are  kept  in  con- 
stant slight  excitement  by  the  centres  demonstrated  in  the 
medulla  oblongata  and  the  spinal  cord,  and,  after  these  are 
removed,  by  peripheral  ganglionic  apparatuses,  which  also  have 
the  power  of  keeping  up  the  tone  of  the  vessels. 

The  tone  of  the  sphincters  of  the  bladder  and  rectum  is  cer- 
tainly of  a  reflex  character,  and  princijially  depends  on  the 
lumbar  cord. 
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The  application  of  physiological  data  to  ]pathology  is  cer- 
tainly of  the  greatest  importance ;  it  is  the  source  of  the  only 
light  that  has  been  cast  on  a  great  number  of  pathological  pro- 
cesses and  their  connection.  It  must  be  admitted,  however,  that 
physiology  is  far  from  explaining  everything,  and  that  many 
points  can  only  be  made  clear  by  pathological  observations  and 
experiments. 

Physiological  experiments  very  often  produce  a  pathological 
state  (section,  compression,  irritation,  etc.) ;  similar  states  are 
occasionally  produced  in  man  by  a  great  variety  of  agencies, 
including  disease ;  and  these  are  the  cases  in  which  a  direct  appli- 
cation of  physiological  laws  to  pathology  will  prove  most  fruit- 
ful of  results. 

But  the  states  produced  in  physiological  experiments  are  far 
from  being  so  various  and  general,  and  are  seldom  so  exactly 
localized,  as  are  pathological  conditions.  From  the  nature  of 
the  case  they  must  be  very  limited  in  extent ;  the  usual  lesions 
consist  of  severance  of  continuity,  very  small,  and  with  hardly 
any  extension  in  the  direction  of  the  long  axis  of  the  cord. 
Simple  sections  have  hitherto  formed  almost  our  entire  founda- 
tion for  the  experimental  pathology  of  the  cord  ;  and  it  is  time 
that  the  method  of  Nothuagel  and  Fonrnie,  applied  with  such 
success  to  the  brain,  were  extended  to  the  spinal  cord. 

A  brief  consideration  shows  that  the  experiments  of  phj^si- 
ology  and  pathology  can  imitate  neither  those  anomalies  which 
are  widely  distributed  along  the  length  of  the  cord,  yet  localized 
in  particular  spots  ;  nor  the  slowly  progressive  conditions  of  irri- 
tation and  paralysis ;  nor  the  moderate  and  gradually  increasing 
and  varying  degrees  of  pressure ;  nor  the  various  finer  disturb- 
ances of  nutrition  in  fibres  and  cells. 

In  particular,  it  must  be  noted  that  possibly,  even  probably, 
the  properties  of  irritability  inherent  in  the  cord  may  be  essen- 
tially changed  by  pathological  processes,  so  that,  for  instance, 
the  kinesodic  substance  becomes  motor,  the  festhesodic  sensitive. 
Thus  conclusions,  drawn  from  the  healthy  cord,  cannot  be  trans- 
ferred to  the  same  organ  in  a  morbid  state,  without  certain 
reserves. 

These  reasons  may  justify  the  objections  which  have  been 
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made  to  a  direct  transference  of  physiological  principles  (in 
many  respects  poorly  founded)  to  the  j^athology  of  the  cord. 
Nevertheless,  we  think  it  not  unsuitable  to  collect  in  this  place 
some  of  the  principles  deduced  from  physiological  and  patho- 
logical experience,  so  far  as  they  seem  applicable  to  practical 
needs,  as  a  sort  of  clew  to  the  interpretation  and  recognition  of 
complicated  pathological  processes.' 

1.  Section  or  limited  affection  of  the  posterior  columns  de- 
stroys the  sense  of  touch  in  parts  situated  behind  the  point  of 
injury,  but  leaves  the  sense  of  pain. 

2.  Disturbance  of  the  conductive  power  of  the  gray  substance 
for  a  limited  longitudinal  extent  suspends  the  sense  of  pain,  but 
leaves  that  of  touch  (analgesia). 

3.  Disease  or  destruction  of  the  entering  posterior  root-fibres 
(or  of  the  network  of  fibres  directly  formed  by  them)  must  impair 
the  sense  of  touch  equally  with  that  of  pain  and  the  other  classes 
of  sensation. 

4.  Injury pr  disease  of  the  posterior  columns  at  the  level  of  the 
lumbar  cord  leads  to  a  diminution  of  the  sense  of  touch  at  the 
anus,  perineum,  etc.,  while  the  sensibility  and  motility  of  the 
lower  extremities  remain  unimpaired;  the  same  lesions  in  the 
lateral  columns  of  the  lumbar  cord  have  the  same  effect  upon  the 
lower  extremities  as  those  of  the  posterior  columns  in  the  dorsal 
and  cervical  medulla. 

5.  When  the  gray  substance  is  partially  destroyed  in  the 
transverse  direction,  and  the  posterior  columns  are  also  affected, 
the  conduction  of  sensory  impressions  is  retarded,  in  a  degree 
proportional  to  the  smallness  of  the  transverse  piece  of  gray  mat- 
ter that  remains.  But  if  the  conductive  power  of  the  posterior 
columns  is  retained,  this  retardation  appears  to  extend  only  to 
the  sensation  of  pain,  while  the  conduction  of  the  sensation  of 
touch  takes  places  with  normal  rapidity. 

6.  Destruction  of  the  entire  extent  of  the  posterior  columns 
(inclusive  of  the  sensitive  root-fibres  passing  through  them)  must 
be  followed  by  anaesthesia  of  a  corresponding  extent. 

'Compare  the  "Corollarien  fiir  die  Pathologio,"  given  by  ScJiif  (Physiologie,  p. 
292),  and  Brown- BequarcVs  statements  in  his  Course  of  Lectures  ou  the  Physiology  and 
Pathology  of  the  Central  Nervous  System.  18G0. 
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7.  Limited  destruction  of  the  entire  transverse  extent  of  the 
posterior  columns  and  of  the  gray  substance  is  followed  by  com- 
plete ana3sthesia  of  the  portions  of  the  body  lying  posteriorly, 
and  weakness  of  motion  or  partial  paralysis. 

8.  An  irritation  affecting  a  limited  longitudinal  extent  of  the 
posterior  columns  (inflammation,  hypersemia,  etc.),  produces  a 
spontaneous  pain  in  only  those  roots  which  traverse  the  diseased 
spot  (girdle-pain) ;  subjective  sensations  of  touch  (formication, 
prickling,  numbness,  sensation  of  heat  and  cold)  and  some  de- 
gree of  hypersesthesia  occur  in  the  parts  situated  posteriorly. 

9.  A  lesion  producing  paralysis,  affecting  the  posterior 
columns  in  the  same  way,  gives  rise  to  a  girdle  of  complete 
insensibility,  corresponding  to  the  district  supplied  by  the  para- 
l3'zed  nerve-roots ;  below  this  girdle  the  so-called  sensations  of 
touch  are  absent,  or  greatly  impaired ;  the  sensation  of  pain  is 
retained,  but  is  badly  localized. 

10.  If  an  affection  which  at  lirst  irritates,  and  afterwards 
paralyzes,  progresses  upwards,  the  painful  girdle  travels  up- 
wards, and  leaves  behind  it  a  girdle  of  ansesthesia  which  gradu- 
ally increases  in  width ;  in  the  parts  situated  behind  this  the 
sense  of  touch  is  gone,  but  subjective  impressions  of  touch  (for- 
mication, numbness,  etc.)  may  be  present. 

11.  When  the  power  of  movement  is  unimpaired,  and  a  girdle 
of  pain  without  aberration  of  the  sense  of  touch  is  j)resent,  then 
only  the  nerve-roots,  within  or  without  the  cord,  are  affected. 

12.  In  diseases  of  the  posterior  columns  and  the  gray  sub- 
stance, the  parts  behind  the  diseased  portion  may  experience 
only  changes  in  the  sense  of  touch,  without  any  excentric  pains.  (?) 
If  the  latter  occur,  they  point  to  an  implication  of  those  nerve- 
roots  which  are  situated  further  back. 

13.  Disorganization  of  an  anterior  and  a  lateral  column  and 
of  the  greatest  part  of  the  gray  substance  produces  paralysis  of 
the  same  side. 

14.  Destruction  of  the  anterior  (and  lateral)  columns  in  their 
entire  transverse  section  (inclusive  of  the  motor  nerve-roots  pass- 
ing tlirougli  them)  is  followed  by  a  paralj'-sis  of  corresponding 
extent. 

16.  Limited  destruction  of  the  entire  transverse  section  of  the 
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anterior  (and  lateral)  columns  and  of  tlie  gray  substance  is  fol- 
lowed by  complete  paralysis,  also  analgesia,  but  retention  of  the 
sense  of  toucli. 

16.  Disease  of  the  antero-lateral  columns  and  the  kinesodic 
substance  alone  produces  paralysis  without  lesion  of  sensibility. 

17.  Disease  of  the  motor  ganglia,  into  which  the  motor  roots 
first  enter,  produces  paralysis  in  the  region  of  the  related  nerves, 
without  disturbance  of  sensibility,  but  with  trophic  disturbances. 

18.  Affections  of  the  antero-lateral  columns  and  the  corre- 
sponding gray  substance  produce  contracture  or  convulsions  only 
in  the  muscles  immediately  dependent  on  the  diseased  spot  and 
its  motor  roots  ;  but  contractures  of  muscles  supplied  by  the 
roots  given  off  behind  the  affected  spot  are  not  produced  (?). 

19.  Slight  pressure  on  the  cord  may  bring  on  paralysis  of  the 
extensors  and  secondary  contractures  in  flexion,  but  this  is  never 
severe. 

20.  Contractures  and  convulsions  of  the  lower  extremities 
also  occur  in  affections  of  the  segments  of  the  cord  above  the 
lumbar  region  ;  they  are  then  a  consequence  of  an  implication  of 
the  posterior  columns,  and  arise  reflexly.  In  the  same  way,  in 
diseases  of  the  posterior  columns,  spasmodic  symptoms  occur  in 
the  parts  situated  nearer  the  head. 

21.  Disorganization  of  the  entire  gray  substance  to  a  consider- 
able distance  must  be  followed  by  anaesthesia  and  paralysis  in 
the  posterior  part  of  the  body;  if  the  lesion  is  limited  to  one 
place,  the  sensory  and  motor  paralysis  may  be  partial. 

22.  If  the  movements  of  respiration  are  entirely  intact  in  an 
affection  of  the  cervical  cord  which  paralyzes  the  extremities  and 
trunk,  then  the  lateral  columns  are  not  involved. 

23.  Conditions  of  irritation  in  the  cervical  medulla  will  pro- 
duce dilatation  of  the  pupil ;  paralytic  conditions,  contraction. 

24.  Unilateral  lesion  of  the  cord  is  followed  by  almost  total 
paralysis  and  increased  sensory  excitability  on  the  injured  side, 
with  very  slight  disturbances  of  motion  and  loss  of  sensibility  on 
the  opposite  side. 

25.  Complete  compression  or  division  of  the  spinal  cord  ex- 
aggerates the  reflex  acts  in  the  region  lying  posteriorly  to  the 
lesion. 
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26.  In  limited  destruction  of  the  dorsal  medulla,  tlie  reflex 
acts  wliicli  are  performed  through  the  lumbar  cord  (evacuation 
of  urine  and  faeces,  vascular  tonus,  etc.)  go  on  with  very  little 
alteration  ;  only  they  can  no  longer  be  raodiiied  by  the  will. 

27.  The  nutrition  of  peripheral  parts  (muscles,  nerves,  bones, 
joints,  skin,  etc.)  remains  intact  in  the  various  diseases  of  the 
spinal  cord,  in  proportion  as  the  gray  substance  remains  normal. 


The  doctrine  of  the  functional  reparation  (Ausgleichung)  of 
partial  lesions  of  tlie  cord,  stated  by  Schiff,  is  of  great  import- 
ance in  pathology ;  the  fact,  namely,  that  while  these  lesions  are 
not  anatomically  made  good,  an  apparently  complete  restoration 
of  function  follows.  Schiff '  alRrms  that  in  injmy  of  almost  an}'" 
part  of  the  cord,  the  consequent  functional  disturbances  may  be 
compensated  for  by  an  intact  portion  of  the  cord  assuming  the 
function  of  the  injured  portion;  the  lesion  of  the  posterior 
columns  alone  leads  to  a  permanent  loss  of  the  sense  of  touch, 
which  cannot  be  rej)aired. 

The  chief  element  in  this  functional  restoration  is  of  course  a 
vicarious  assumption  of  the  processes  of  conduction  by  intact 
portions  of  the  cord.  This  fact  is  not  of  itself  strange,  for  we 
can  observe  in  the  fine  network  of  nerves  what  seems  to  be  the 
anatomical  provision  for  such  exigencies. 

It  is  not  yet  settled  how  far  such  a  vicarious  substitution 
may  go  in  human  pathology ;  biit  it  is  clear  how  wide  must  be 
its  significance  in  relation  to  the  prognosis  and  cure  of  partial 
lesions  of  the  cord. 

It  will  be  proper  to  introduce  here  a  few  remarks  on  the  ana- 
tomical restoration  of  partial  lesions  of  the  cord.  Daily  expe- 
rience shows  that  this  happens  very  often,  and  may  be  quite 
considerable  in  amount ;  it  is  not  rare  for  apparently  very  severe 
injuries  of  the  cord  to  recover.  But  the  exact  histological  pro- 
cesses are  not  known ;  it  is  not  jQt  well  ascertained  how  a  chronic 
inflammation,  or  the  various  degenerative  processes,  scleroses, 


1  Centralbl.  f.  d.  med.  Wiss.  1873.  No  49. 
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softening,  hemorrhage,  etc.,  are  rejDaired,  nor  to  what  extent  this 
takes  place. 

Experimentally,  this  question  has  been  very  little  examined, 
although  the  physiologists  have  had  material  enough.  A  few 
positive  facts  were  ascertained  by  Flourens,  Brown-Sequard,  H. 
Mueller ;  but  in  recent  years  Masius  and  Vanlair  '  have  been  the 
first  to  institute  thorough  experiments  upon  frogs,  showing  after 
a  lapse  of  at  least  six  months  a  great  progress  in  restoration  of 
excised  segments  of  the  spinal  cord.  Motility  and  sensibility 
were  restored,  and  nerve-cells  and  fibres  were  found  in  the  cica- 
trix. In  the  higher  order  of  animals,  especially  the  mammalia, 
the  restoration  seems  to  be  less  easy  and  perfect.  The  same 
result  appears  from  the  latest  experiments  of  Eichhorst  and 
Naunyn '  upon  very  young  dogs.  After  section  or  crushing  of 
the  lower  dorsal  cord,  the  first  occurrence  is  a  complete  degene- 
ration and  fluidification  of  the  parts  directly  attacked ;  after- 
wards an  intermediate  substance,  composed  of  a  tissue  like 
neuroglia,  rich  in  cells,  is  developed,  which  incloses  a  central 
cavity.  Subsequently  the  double-contoured  nerve-fibres  are  re- 
generated, and  a  limited  number  are  seen  to  traverse  the  inter- 
mediate substance.  Regeneration  of  the  ganglion  cells  was  never 
observed.  Corresponding  with  these  conditions,  a  partial  res- 
toration of  function  appears  after  many  weeks  (eight  or  ten,  at 
least);  voluntary,  but  incomplete  and  "atactic,"  movements  are 
the  first  to  appear,  and  sensibility  returns  later.  But  the  ani- 
mals die  subsequently,  probably  in  consequence  of  a  secondary 
hydromyelus. 

On  the  other  hand,  Goltz  and  Freusberg  have  never  seen  a 
regeneration  and  restoration  of  function  in  their  numerous  ex- 
periments upon  dogs,  although  some  were  kept  living  for  an 
extremely  long  time.  For  this  reason  Freusberg  cannot  avoid 
expressing  a  suspicion  of  the  correctness  of  the  results,  as  re- 
gards restoration  of  function,  obtained  by  Naunyn  and  Eich- 
horst.^ 


'  Centralbl.  £.  d.  ined.  Wiss.  1869.  No.  39 ;  and  Arch,  de  Physiol,  norm,  eb  path. 
IV.  p.  208. 

*  Arch.  f.  experim.  Pathol,  und  Pharmacol.  Bd.  II.  p.  225.  1874. 
5  Pflueger's  Arch.        IX.  p.  390. 
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It  certainly  follows  from  these  experiments  that  in  the  higher 
animals,  and  probably  in  man  also,  the  regeneration  of  the  spi- 
nal cord,  when  once  completely  destroyed,  will  always  remain 
very  imperfect,  even  if  it  takes  place  to  any  extent. 


III.   General  Pathology  of  the  Spinal  Cord. 

In  this  section  we  design  to  give  a  short  account  of  the  facts 
and  observations,  but  only  as  far  as  they  seem  to  possess  a  pres- 
ent interest  and  importance  in  relation  to  practice.  We  shall 
lay  the  chief  weight  upon  general  symptomatology  and  thera- 
peutics, and  shall  take  leave  to  pass  over  the  general  patholo- 
gical anatomy,  which  at  present  is  not  in  a  condition  to  be  made 
useful  to  the  practitioner.  General  etiology  and  diagnosis  will 
be  but  briefly  touched,  in  view  of  their  present  condition. 

A.  General  Symptoms  of  Diseases  of  the  Spinal  Cord. 

This  involves  a  systematic  enumeration  of  the  several  dis- 
turbances which  occur  in  diseases  of  the  cord,  partly  in  order  to 
explain  their  significance  and  names,  partly  to  reduce  them  to 
their  immediate  causes  and  develop  their  pathology,  partly  to 
point  out  somewhat  in  anticipation  the  more  usual  groupings 
of  symptoms.  We  shall  thus  be  enabled  to  save  many  repeti- 
tions and  details  in  the  special  part. 

1,  Disturbances  of  Sensibility. 

These  are  very  frequent,  and  their  form  and  grouping  is  often 
very  characteristic.  They  are  veiy  important  in  diagnosticating 
and  estimating  diseased  processes  in  the  cord ;  for  these  reasons 
they  must  be  stated  with  great  fulness. 

In  examining  sensory  disturbances,  the  several  qualities  of  sensation  must  be 
strictly  distinguished.  Let  the  sensations  of  touch,  temperature,  and  tickling,  of 
pressure,  of  space,  and  of  pain  be  tested.    As  regards  the  best  methods  of  doing 
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this,  compare  Vol.  XI.  of  this  Cycloptedia,  p.  212  [American  eel.].  The  qualities  of 
perception  which  are  classed  together  under  the  name  of  muscular  sensation,  or 
sense,  should  also  be  tested.  Besides  the  methods  given  in  the  same  volume,  p. 
234,  there  is  a  good  method  given  by  Leyden '  for  the  exact  testing  of  the  sensation 
of  passive  motions.  No  extensive  apjiaratus  is  required  for  this;  the  same  exact 
results  are  obtained  when  the  leg  is  suspended  in  a  broad  cloth,  and  by  means  of  the 
cloth  is  made  to  move  in  various  directions,  upwards,  downwards,  outwards,  or 
inwards — its  position  being  either  extended  (for  testing  the  hip-joint)  or  semi-flexed 
(for  the  knee-joint).  Tlie  patient  is  required  to  state  the  extent  and  direction  of 
the  movements.  In  testing  the  passive  movements  of  the  ankle-joint,  the  front 
part  of  the  foot  is  grasped  carefully  with  the  hand,  and  is  moved  passively.  This 
method  is  quite  sufficient,  as  the  cutaneous  s^i£|^l^j^j^_  ^f .  the._patient  is  usually 
impaired.  ^ 

a.  Diminution  of  Sensory  Action — Anmsthesia. 

All  the  sensations  which  originate  in  the  skin,  the  muscles, 
and  other  more  deeply-seated  parts  may  be  diminished  in  dis- 
eases of  the  spinal  cord ;  and  the  diminution  may  increase,  even 
to  the  extent  of  total  loss  of  sensation.  They  may  be  extin- 
guished all  at  once,  or  some  may  be  lost  and  the  rest  retained. 

The  disturbance  of  sensibility  usually  appears  first  in  the 
lower  extremities,  ascending  by  degrees  until  it  reaches  the 
upper  extremities.  But  often  the  latter  are  the  fii'st  attacked, 
and  the  anaesthesia  extends  downwards. 

Anaesthesia  is  very  commonlj^  attended  by  various  subjective 
sensations,  as  the  furry  sensation  (Pelzigsein)  or  numbness,  un- 
certainty in  feeling  the  ground,  sensation  of  walking  on  cotton 
wadding,  or  on  a  bladder  full  of  water,  etc. 

In  general,  the  occurrence  of  anaesthesia  permits  us  to  infer 
an  implication  of  the  posterior  half  of  the  cord. 

A  widely  diffused^  total  paralysis  of  sensation  (total  =  af- 
fecting all  the  qualities)  occurs  only  when  the  entire  transverse 
section  of  the  posterior  columns  and  the  gray  substance  is  de- 
stroyed ;  that  is,  chiefly  in  affections  which  are  diffused  over  the 
entire  section,  extending  to  a  variable  distance  in  the  longitudi- 
nal direction.  It  also  accompanies  a  complete  severance,  crush- 
ing, or  compression  of  the  cord  at  any  point ;  in  which  case  the 


'  Ueber  Muskelsinn  und  Ataxie.  Virch.  Aroh.  Bd.  47.  1809. 
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anaesthesia  occupies  all  portions  of  the  body  which  derive  their 
nerve-supply  from  behind  the  point  of  lesion. 

Total  paralysis  of  sensation^  of  a  more  limited  extent^  may 
occur  in  various  ways,  viz. : 

As  unilateral  ancesthesia,  localized  in  one  leg,  or  a  leg  and 
the  corresponding  half  of  the  trunk,  or  finally,  in  these  parts  and 
the  corresponding  arm.  This  occurs  in  traumatic  or  spontaneous 
unilateral  lesion  of  the  cord,  and  the  loss  of  sensation  takes  place 
on  the  side  of  the  body  opposite  to  tlie  spinal  lesion,  owing  to  the 
decussation  of  the  sensory  paths  in  the  cord.  The  muscular 
sense,  however,  usually  remains  unimpaired,  because  the  fibres 
for  it  cross  at  a  higher  point. 

As  ancesthesia  in  the  form  of  a  girdle — a  zone  of  varying 
width,  deprived  of  sensation,  which  surrounds  at  various  levels 
the  pelvis,  the  abdomen,  the  thorax,  or  even  the  region  of  the 
shoulder  or  neck  on  one  or  both  sides.  It  is  due  to  a  local  dis- 
ease of  the  posterior  roots  within  or  without  the  medulla,  which 
extends  over  but  a  limited  length  of  the  cord  ;  or  to  a  circum- 
scribed affection  of  the  gray  posterior  cornua,  embracing  the  net- 
work of  nerve-fibre  which  is  formed  by  the  entering  root-fibres, 
and  the  paths  which  traverse  the  gray  substance  before  re-enter- 
ing the  posterior  columns. 

Finally,  as  circumscript  ancestliesia,  limited  to  certain  ex- 
tremities or  parts  of  extremities,  or  to  the  district  supplied  by 
certain  nerve-trunks.  The  most  frequent  cause  of  this  lies  prob- 
ably in  affections  of  single  bundles  of  roots  ;  it  may  be  produced 
by  local  affections,  limited  to  portions  of  the  transverse  section 
of  the  spinal  cord,  and  affecting  only  certain  of  the  longitudinal 
fibres,  but  this  lesion  would  be  more  likely  to  produce  a  partial 
paralysis  of  sensation.  It  is  probable  that  the  sensitive  paths 
for  the  upper  and  lower  extremities,  the  anterior  and  posterior 
surfaces  of  the  body,  etc.,  have  a  distinct  arrangement  in  the 
spinal  cord ;  and  it  may  easily  be  imagined  how  many  forms 
may  be  taken  by  such  circumscript  ana)stliesia,  according  to  the 
horizontal  or  vertical  distribution  of  the  morbid  change. 

Partial  paralyses  of  sensation,  however  (limited  to  certain 
of  the  qualities  of  sensation),  also  occur,  and  nowhere  more  fre- 
quently than  in  diseases  of  the  cord  ;  the  history  of  tabes  dorsa- 
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lis  gives  the  most  numerous  examples  of  this.  They  occur  in 
all  possible  combinations,  as  indicated  in  Vol.  XL,  p.  201.  The 
form  most  likely  to  attract  notice,  and  perhaps  the  most  fre- 
quent, is  analgesia;  but,  as  remarked,  the  greatest  variety  of 
cases  of  partial  ansesthesia  occur.  Each  sort  of  sensation  may 
alone  be  lost  or  weakened  ;  and,  on  the  other  hand,  several  may 
sulfer  the  same  change,  while  only  a  single  one  exists  in  partial 
or  complete  integrity. 

In  view  of  these  facts,  we  can  hardly  avoid  the  conclusion 
that  the  various  sensations  traverse  distinct  paths  of  conduction 
in  the  cord,  and  that,  according  to  the  local  distribution  of  the 
morbid  change  in  transverse  section,  sometimes  one  and  some- 
times another  path  is  specially  affected.  Nothing  exact  is  known, 
however,  in  respect  to  this.  It  seems  probable  that  the  sense  of 
pain  is  conducted  by  the  gray  substance  only,  and  impressions  of 
touch  by  the  posterior  columns  only  (Schiff).  In  opposition  to 
this  view  Brown-Sequard  asserts  that  all  sensations  are  chiefly 
conveyed  through  the  gray  substance,  and  he  even  names  distinct 
regions  of  the  latter,  which  are  supposed  to  contain  the  respec- 
tive groups  of  fibres.  The  result,  therefore,  Avill  differ  in  each 
case,  according  to  the  manner  in  which  the  disease  is  distributed 
over  the  various  parts  of  the  transverse  section  of  the  cord. 

But  little  of  practical  value  can  be  drawn  from  these  scanty 
and  uncertain  facts.  If  disturbances  of  sensation  are  present, 
the  physician  will  have  to  put  to  himself  the  questions — whether 
there  is  an  affection  of  the  posterior  roots  within  or  without  the 
cord,  or  whether  there  is  an  impediment  to  conduction  within 
the  gray  substance,  or  whether  certain  sensory  paths  have  been 
injured  at  a  higher  point,  after  leaving  the  gray  substance.  The 
data  which  are  given  here  and  in  the  physiological  introduction 
will  sliow  the  points  which  aid  us  in  making  these  distinctions  ; 
but  they  will  also  show  how  few  and  unsatisfactory  these  points 
are. 

What  is  true  of  cutaneous  sensation  ma}^  be  likewise  affirmed 
of  the  so-called  muscular  sensation;  both  the  muscular  sense 
and  that  which  is  called  the  muscular  sensibility'  may  be  reduced 


'  Compare  Volume  XL  p.  233. 
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or  suspended  in  spinal  diseases.  The  patients  lose  the  sensation 
of  pain  in  the  muscles,  produced  by  various  external  agencies ; 
they  lose  the  sense  of  fatigue  ;  they  are  not  certahi  of  the  posi- 
tion of  their  limbs  in  the  dark,  or  when  their  eyes  are  closed  ; 
they  have  lost  the  feeling  of  passive  movement  of  the  limbs, 
their  ability  to  retain  their  equilibrium  is  diminished,  etc. 

Regarding  the  position  of  the  routes  which  transmit  these  im- 
pressions in  the  spinal  cord,  we  know  very  little.  According  to 
Brown- Sequard,  at  least  a  part  of  them  remain  on  the  same  side 
of  the  cord,  and  do  not  decussate  till  they  reach  the  medulla  ob- 
longata.  The  application  to  pathology  is  evident. 

A  symptom  which  is  not  very  rare  under  physiological  con- 
ditions is  t7ie  retardation  of  the  conduction  of  sensory  impres- 
sions. This  remarkable  fact  was  first  mentioned  by  Cruveilhier ' 
without  accounts  of  special  cases;  since  then,  although  often 
observed,  it  has  never  been  closely  studied  until  very  lately,  and 
even  now  the  investigation  is  far  from  complete.  » 

This  retardation  is  very  noticeable  and  measurable.  While 
in  ordinary  circumstances  sensation  follows  directly  upon  tlie 
application  of  the  stimulus,  in  cases  like  this  it  is  separated  from 
the  latter  by  a  noticeable  interval  of  time,  which  is  frequently  a 
fractional  part  of  a  second,  but  not  rarely  amounts  to  one  or 
several  seconds  ;  cases  have  even  been  observed  where  the  sensa- 
tion came  from  fifteen  to  twenty  seconds  later  than  the  stimula- 
tion (Cruveilhier),  thirty  seconds  (Topinard),  and  even  several 
minutes.  In  such  cases  the  phenomenon  is  of  course  very  easily 
observed  ;  in  less  marked  cases  the  existence  and  the  degree  of 
retardation  can  be  determined  by  exact  measurements,  such  as 
have  been  made  by  Leyden  and  Goltz."  The  more  powerful  the 
stimulus,  the  shorter  the  interval. 

It  has  been  repeatedly  observed,  and  very  recently  established 
with  exactness,  that  this  retardation  relates  only  to  a  few  of  the 
qualities  of  sensation,  chiefly  to  that  of  pain.  E.  Remak^  has 
published  a  case  in  which  pricking  Avith  a  needle  provoked  in 
every  instance  an  immediate  sensation  of  touch,  which  was  fol- 

'  Anatom.  pathol.  Livrais.  XXXVIII.  p.  9. 

'  Leyden,  Klinik  der  Riickenmarkskrankheiten.  I.  p.  146. 

»  Arch,  f .  Psych,  u.  Nervenkr.  Bd.  IV.  p.  763.  1874. 
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lowed  in  three  seconds  by  tlie  retarded  perception  of  pain.  In 
such  cases  every  powerful  impression  gives  rise  to  a  double  sen- 
sation, first,  one  of  touch,  perceived  with  normal  quickness,  and 
then  a  retarded  sensation  of  pain.  The  case  published  by  Nau- 
nyn  in  the  same  journaP  seems  on  some  accounts  to  belong  here ; 
it  included  retardation  of  the  sensation  of  pain,  associated  with 
hypenesthesia,  while  the  sensation  of  touch  remained  normal. 
Yulpian-  observed  a  similar  state  in  a  case  of  tabes  ending  in 
apoplexy ;  the  prick  of  a  pin  was  raj)id]y  followed  by  a  slight 
reflex  action,  and  two  or  three  seconds  later  by  a  very  full  and 
continued  movement  of  defence.  I  have  under  my  observation 
at  present  a  tabetic  patient,  in  whom  I  have  been  able  to  demon- 
strate this  double  sensation,  not  only  as  regards  needle-pricks 
and  pinching,  but  also  under  the  painful  faradic  current. 

E.  Remak  has  treated  very  thoroughly  of  the  question, 
whether  this  retardation  of  conduction  is  always  limited  to  the 
sense  of  pain,  and  never  affects  that  of  touch.  The  observations 
hitherto  made  seem  almost  to  show  that  such  is  the  case ;  but 
the  question  needs  further  careful  study,  and  it  is  hard  to  give  a 
reason  why  the  sense  of  touch  should  not  in  some  cases  be 
affected.  The  cases  commonly  tested  are  those  of  tabes  dorsalis, 
in  which  the  sense  of  touch  is  more  or  less  weakened,  while  that 
of  pain  is  retained  ;  if  both  are  retained,  the  double  sensation 
may  occur.  Topinard  also  states  that  the  retardation  affects 
chiefly  the  senses  of  pain  and  of  temperature.^ 

It  has  been  made  known  through  the  physiological  researches 
of  Schiff,  that  a  transverse  narrowing  of  the  gray  substance 
(whether  the  posterior  columns  are  cut  or  no)  produces  a  corres- 
ponding retardation  of  the  conduction  of  sensation,  which  is 
marked  in  inverse  proportion  to  the  amount  of  gray  matter  re- 
maining.'*   Schiff  has  even  been  enabled  by  his  experience  to 


'  Archiv  f.  Psych,  u.  Nrevenkr.  Bd.  IV.  p.  760. 
'  Arch,  de  Physiol,  norm,  et  path.  I.  p.  405. 

'  Jlertzbcrg  (Beitr.  zur  Kenntniss  der  Sensibilitiitsstorungen.  bei  Tabes.  Diss.  Jena. 
1875)  has  lately  demonstrated,  in  some  very  carefully  examined  cases,  that  the  most 
frequent  occurrence  is  that  of  retardation  of  the  sense  of  pain  alone,  but  that  the  sen- 
sations of  touch  and  temperature  also  are  not  rarely  retarded,  though  to  a.  less  degree. 

■*  See  Schiff'a  Physiologic,  p.  245. 
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predict  the  existence  of  double  sensation  in  man,  wliicli  has 
lately  been  confirmed  by  the  beautiful  observation  of  E.  Remak ; 
he  looks  for  the  appearance  of  this  symptom  in  every  case  where 
the  transverse  dimensions  of  the  gray  substance  have  been  di- 
minished by  pathological  processes,  while  the  posterior  columns 
have  remained  intact.^ 

It  may  be  assumed,  on  the  strength  of  these  facts,  that  wher- 
ever retarded  sensation  exists,  there  is  an  alteration  of  the  gray 
substance;  and  it  would  be  entirely  consistent  with  this  assump- 
tion, if  it  should  be  found  that  the  retardation  always  affects  the 
sensation  of  pain  only,  and  never  that  of  touch.  It  would  then, 
according  to  Schiff,  depend  on  the  condition  of  the  posterior 
columns,  whether  the  sensation  of  touch  is  absolutely  wanting, 
or  appears  in  reduced  amount,  but  with  the  normal  rapidity. 

The  investigations  of  Burckhardt,^  who  has  tried  to  measure 
the  sensory  conduction  of  the  cord  in  an  isolated  form,  are  of 
great  interest.  He  found  that  the  cord  conducts  impressions  of 
pain  decidedly  more  slowly  than  those  of  touch,  and  suspects  for 
this  reason  that  the  gray  substance  in  general  conducts  more 
slowly  than  the  white.  The  retardation  of  tactile  conduction 
under  pathological  circumstances  is  referred  by  him  directly  to 
a  loss  of  white  substance  (degeneration  of  the  posterior  columns) ; 
the  more  the  gray  substance  is  called  upon  to  perform  the  func- 
tion of  conduction,  the  more  slowly  is  the  function  performed. 
He  thinks,  also,  that  every  narrowing  of  the  gray  substance — ■ 
which  is  naturally  a  slow  conductor — must  still  further  retard 
the  conduction  ;  the  examination  with  the  second-hand  of  a  watch 
will  not  bring  out  the  fact  of  retardation  until  such  narrowing 
has  taken  place.  As  long  as  the  gray  substance  is  intact,  the 
retardation  can  only  be  demonstrated  by  the  aid  of  fine  physio- 
logical apparatus  for  measurement. 

The  retardation  of  the  conduction  of  sensation  is  perhaps  con- 
nected with  another  phenomenon,  usually  observed  in  the  same 
patients — namely,  tlie  inahiUty  to  count  correctly  several  impres- 
sions of  sensation  wliicJi  follow  rapidly  {e.  g.^  pricks  of  a  needle). 


'  See  Physiol,  p.  294.  Coroll.  3.  c. 

'Physiolog.  Diagaostik  der  Nervenkrankheiten.  Leipzig.  1875. 
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Persons  in  liealtli  are  able  to  state  witliout  fail  the  number  of 
pricks  (from  two  to  six),  even  when  they  come  very  close  togeth- 
er, while  patients  cannot  do  this  unless  the  individual  impres- 
sions follow  at  considerable  intervals.  These  intervals  are  sup- 
posed to  bear  a  direct  ratio  to  the  degree  of  retardation  of  the 
conduction  of  sensation.  This  symptom  would  therefore  seem 
to  be  also  dependent  on  a  change  in  the  gray  substance.  ISTor  is 
it  easy  to  see  why  the  impressions  are  not  perceived  as  separate, 
since  each  impression  must  have  precisely  the  same  obstacles  to 
surmount. 

It  is  more  probable  that  this  phenomenon  is  connected  with 
another  disturbance,  which  commonly  accompanies  it — namely, 
remarkahly  persistent  after-sensations^  following  impressions  of 
pain.  The  patients,  when  their  skin  is  pinched  or  pierced  with  a 
needle,  give  expression  to  a  much  longer  and  severer  pain  than 
is  usually  felt  by  well  persons.  Rapidly  succeeding  impressions 
of  sensation  run  together  into  one,  therefore,  because  the  new 
sensation  coincides  with  the  after-sensation  of  the  one  before  it. 
The  change  in  the  cord  upon  which  this  depends  cannot  at  pres- 
ent be  stated  with  certainty.  We  may  suppose  that  there  are 
coincident  changes  in  the  posterior  columns  and  the  gray  sub- 
stance. 

h.  Exaggeration  of  Sensory  Action. 

This  is  one  of  the  commonest  symptoms  in  diseases  of  the 
cord,  and  may  appear  in  various  forms,  viz.  : 

1.  As  simple  hyper cestliesia ;  more  or  less  increase  of  sensi- 
tiveness to  all  possible  kinds  of  sensory  impressions,  which  di- 
rectly increase  to  pain.  This  hypera3sthesia  not  seldom  resembles 
anfEsthesia  in  its  manner  of  appearance  and  distribution — in  fact, 
it  often  precedes  anaesthesia  ;  thus,  a  hypera)sthesia  in  the  form 
of  a  girdle  may  be  observed  above  or  below  an  anaesthetic  zone, 
and  may  gradually  move  its  position  on  the  body,  in  company 
with  the  latter.  Hypera3sthesia  may  also  be  confined  to  single 
denominations  of  sensibility  (pain,  sense  of  temperature,  espe- 
cially sense  of  cold),  and  may  occur  in  connection  with  partial 
paralysis  of  sensation. 
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Ifc  is  known  from  physiological  experiments  that  section  of 
the  posterior  columns  is  followed  by  a  hyperaesthesia  of  the  pos- 
terior half  of  the  body,  which  at  first  increases  rapidly  and  con- 
siderably, and  afterwards  very  gradually  diminishes  and  disap- 
pears ;  ^  and  that  when  only  one  posterior  column  is  cut,  the 
hypersestliesia  remains  confined  to  the  same  side.  The  hyperjes- 
thesia  increases,  if  the  cut  is  carried  into  the  lateral  columns, 
and  a  part  of  the  gray  substance  (Brown-Sequard)  ;  it  is  much 
less  marked  when  the  lateral  or  anterior  columns  are  cut,  and  the 
posterior  are  left  intact. 

It  is  hard  to  give  a  decided  interpretation  of  these  facts. 
Tuerck  and  Schilf  think  them  due  to  a  state  of  irritation  of  the 
cut  parts  and  the  adjoining  regions,  especially  the  posterior  col- 
umns. But  the  finer  mechanism  of  the  process  is  still  uncertain, 
and  the  conducting  paths  are  unknown.  May  it  not  be  that  the 
narrowing  of  the  sensory  conductors,  produced  by  the  section, 
has  something  to  do  with  this  result,  by  increasing  the  excite- 
ment of  such  conductors  as  remain  intact  ? 

At  all  events,  Schiff's  assumption  of  an  irritative  condition  in 
the  230sterior  columns  is  in  satisfactory  agreement  with  the  fact 
that  these  hyperjesthesise  are  by  far  the  most  common  in  such 
forms  of  disease  as  we  have  been  accustomed  to  ascribe  to  de- 
generation of  the  posterior  columns.  Nevertheless,  it  is  not 
unlikely  that  there  are  other  processes  capable  of  occasioning 
hypersesthesia,  e.  g.,  implications  of  the  nerve-roots  in  meningi- 
tis, etc. 

2.  As  parcBstliesia.  Nothing  is  commoner  than  to  hear  pa- 
tients with  disease  of  the  cord  complain  of  abnormal  sensations, 
which  are  best  called  subjective  sensations  of  touch.  Thus  the 
feeling  of  furriness  (Pelzigsein),  numbness,  crawling,  tingling, 
etc.  These  sensations  are  referred  by  Scliiff  to  a  moderate 
excitation  of  the  paths  for  the  sensation  of  touch,  lying  in  the 
posterior  columns — an  hypothesis  which  seems  a  little  bold,  in 
view  of  the  fact  that  the  posterior  columns,  with  the  exception  of 
the  root-fibres  crossing  them,  are  stated  to  be  inexcitable.  The 
hypothesis  would  have  to  be  supported  by  the  further  one,  that 


'  See  ScMif,  Physiol,  p.  274. 
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pathological  processes  are  able  so  to  change  the  excitability  of 
the  posterior  columns  that  pathological  stimuli  will  arouse  sensa- 
tions. 

It  is  certainly  possible  that  excitation  of  the  posterior  roots 
at  their  entrance  may  assist  in  producing  such  changes  in  the 
sensation  of  touch  ;  and  that  a  part  of  these  modifications  may 
depend  simply  upon  a  dulling  of  the  sensibility  (as  regards 
touch),  produced  by  various  diseases  of  the  cord. 

Subjectwe  sensations  of  temperature  also  occur,  a  feeling  of 
burning  or  cold  that  may  become  very  intense.  These  sensations 
are  in  part  referred  by  Brown-Sequard  to  direct  excitation  of  the 
fibres  in  the  gray  matter  which  conduct  the  sensations  of  tem- 
perature. Schiff,  however,  believes  that  changes  in  the  amount 
of  blood  circulating  in  the  skin,  due  to  vaso-motor  disturbances, 
may  so  act  upon  parts  which  are  already  hypersesthetic  as  to 
produce  a  sensation  of  increase  or  diminution  in  the  warmth  of 
the  skin.    But  this  explanation  can  hardly  sufiice  for  all  cases. 

This  is  the  place  to  speak  of  the  girdle-sensation,  that  pecu- 
liar modification  of  subjective  perception  which  produces  the 
impression  of  having  a  girdle  or  a  broad  bandage  tied  about  the 
trunk  or  limbs.  This  feeling,  when  situated  at  the  upper  part  of 
the  thorax,  may  be  accompanied  with  a  severe  sense  of  pressure, 
and  is  always  very  troublesome  to  the  patient.  Cruveilhier 
described  it.  It  may  occupy  various  levels  on  the  trunk,  but 
may  also  attack  various  parts  of  the  lower  extremities,  particu- 
larly in  the  region  of  the  ankle  and  knee  of  one  or  both  sides. 

Tliis  sensation  is  probably  produced  by  a  slight  excitation  of 
the  entering  posterior  roots  in  cases  where  the  spinal  affection  is 
limited  in  its  longitudinal  extension.  It  usually  accompanies 
inflammatory  or  other  irritative  conditions  of  the  cord,  and  origi- 
nates with  the  root-fibres  which  occupy  the  upper  limit  of  the 
disease.  But  any  sort  of  local  disease  of  the  cord  and  its  neigh- 
boring parts,  which  irritates  the  posterior  roots  to  a  moderate 
extent,  may  produce  the  symptom. 

3.  As  pain.  Tliis  is  seldom  quite  absent  in  diseases  of  the 
cord  ;  it  varies  extremely  in  form  and  distribution. 

Among  the  most  characteristic  are  the  so-called  lancinating 
or  neuralgiform  pains,  which  are  almost  pathognomonic  of  the 
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early  stage  of  tabes  dorsalis.  These  pains  are  usually  very  se- 
vere ;  they  are  either  continuous,  or  appear  periodically  and 
under  certain  provocations  (especially  change  of  weather,  rain, 
storm,  snow-squalls),  and  are  localized  in  a  certain  nerve  or 
certain  fibres  of  it,  or  certain  regions  of  skin ;  they  rage  for  a 
time  in  one  place,  and  then  leap  suddenly  to  another,  seldom 
remaining  long  in  one  spot.  They  are  described  as  tearing, 
shooting,  or  going  through  like  lightning  ;  the  j)atient  feels  as  if 
a  knife  or  a  red-hot  wire  were  thrust  into  his  flesh,  or  as  if  cer- 
tain portions  of  his  limbs  were  screwed  up  in  a  vice  ;  often  the 
pains  are  localized  in  deep  parts,  as  the  bones,  but  they  often 
invade  the  skin,  where  they  are  frequently  connected  with  cir- 
cumscribed hypersesthesia.  They  prefer  the  night,  and  are  not 
rarely  connected  with  ciraumscript  vaso-motor  disturbances,  or 
even  with  reflex  muscular  Jerkings.  They  may  occur  in  any 
nerve-region  whatever,  though  they  are  certainly  most  common 
in  the  lower  limbs  and  the  trunk,  where  they  often  simulate 
intercostal  neuralgia  very  closely  ;  they  may  appear  in  the  upper 
extremities,  and  even  in  the  region  of  the  trigeminus. 

The  origin  of  these  pains  is  almost  universally  referred  to  irri- 
tation of  the  posterior  root-fibres  ;  their  extent  and  location  de- 
pend on  the  extent  to  which  the  latter  are  implicated.  The 
cases  of  which  they  form  a  symptom  are  almost  exclusively 
those  of  degeneration  and  sclerosis  of  the  posterior  columns,  and, 
according  to  Charcot,  of  the  so-called  external  bands  solely, 
which  contain  the  inner  root-fibres.  It  is,  however,  also  possible 
that  UTitation  of  the  longitudinal  fibres  of  the  posterior  columns, 
or  of  the  gray  substance,  may  lead  to  such  excentric^  pains, 
under  pathological  conditions  ;  though  usually  the  gray  sub- 
stance is  only  sesthesodic. 

The  localization  of  these  and  similar  pains  in  the  dorsal  nerves 
and  a  part  of  the  lumbar  nerves  produces  the  girdle-pain.  This 
is  a  neuralgic  pain,  which  may  take  the  form  of  a  bilateral  neu- 
ralgia of  the  intercostal  or  lurabo-abdominal  nerves,  at  various 
levels  on  the  trunk,  but  is  often  confined  to  one  side.  It  oc- 
curs in  cases  of  limited  irritation  of  the  dorsal  cord,  and  still 


*  i,  e. ,  originating  in  a  central  organ. 
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oftener  in  diseases  which  directly  irritate  the  sensitive  roots,  as 
especially  in  inflammation,  caries,  carcinoma  of  the  vertebra?,  etc.; 
it  is  a  valuable  sign  of  the  presence  of  the  latter,  and  often  be- 
trays at  a  very  early  period  the  beginning  and  the  location  of  a 
severe  disease,  which  by  degrees  leads  to  compression  of  the 
cord. 

Generalized  pains  are  not  infrequently  met  with  in  the 
lower  extremities,  and  in  the  portions  of  the  trunk  situated  below 
the  point  of  disease.  These  pains  may  differ  greatly  in  degree, 
and  are  described  by  the  patient  as  a  more  or  less  extensive  sen- 
sation of  pain,  hard  to  describe,  but  exceedingly  unpleasant, 
which  is  usually  continuous,  but  from  time  to  time  undergoes 
exacerbations.  In  some  the  feet  and  lower  half  of  the  legs  are 
the  chief  seat  of  these  pains  ;  others  complain  more  of  the  back, 
the  loins,  or  the  thigh  ;  very  often  the  pains  are  excited  or  in- 
creased by  spontaneous  or  reflex  twitchings  and  spasms  in  the 
lower  (paralyzed)  extremities,  or  by  efforts  to  walk.  They  occur 
in  all  sorts  of  diffuse,  transverse  myelitis,  in  compression  of  the 
cord  followed  by  myelitis,  in  acute  and  chronic  spinal  meningitis, 
etc. 

The  source  of  these  pains  is  not  yet  fully  clear.  The  original 
explanation  referred  them  to  a  direct  irritation  of  the  root-fibres 
within  or  without  the  cord  ;  but  it  is  probable  that  an  irritation 
of  the  gesthesodic  paths  in  the  cord  may  have  the  same  effect. 
Schiff,  however,  denies  the  possibility  of  this,  believing  that,  in 
such  cases,  the  disease  always  extends  to  the  root-fibres.  Many 
facts  render  it  probable  that  pathological  conditions  may  con- 
siderably alter  the  excitability  of  the  sesthesodic  substance,  and 
it  is  possible  that  pathological  irritations  act  differently  from 
our  coarse  mechanical  or  electrical  stimulations.  Hypersesthesia, 
when  present,  may  also  assist  in  the  production  of  such  pains. 

Special  notice  is  due  to  the  pain  in  the  hack,  so  common  in 
diseases  of  the  spinal  cord.  It  accompanies  a  great  number  of 
spinal  diseases,  assumes  a  great  variety  of  forms,  and  is  referable 
to  a  variety  of  causes.  Thus  rheumatic  or  rheumatoid  pains, 
which  are  most  frequent ;  they  are  localized  in  single,  distinct 
muscles,  are  excited  by  certain  movements,  respiration,  or  pres- 
sure, and  are  almost  always  referable  to  the  influence  of  cold. 
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Although  they  occur  at  times  in  well  persons,  they  are  very 
especially  common  in  spinal  patients,  who,  as  a  class,  are  very 
sensitive  to  cold,  and  in  the  latter  may  be  excited  in  similar 
ways  by  a  variety  of  influences  which  weaken  or  irritate  the  spi- 
nal cord,  as  excesses  in  the  use  of  alcoholic  drink  or  in  sexual 
indulgence. 

HypercBsthetio  pains  in  the  back  also  occur,  consisting  of 
burning,  tearing,  or  duller  sensations  in  the  skin  of  the  back, 
especially  between  the  shoulder-blades,  or  at  certain  spinous 
processes,  which,  in  these  cases,  become  extremely  sensitive  (spi- 
nal irritation).  This  pain  indicates  abnormal  conditions  of  irrita- 
tion and  hj'-perjBsthesia  in  the  posterior  roots  and  columns,  and 
may  be  more  or  less  diffuse,  according  to  the  extension  of  these 
processes.  The  excentric  neuralgiform  pains ^  which  have  been 
already  mentioned,  may  of  course  also  occur  in  the  back.  They 
are  very  violent,  tearing,  boring,  localized  in  various  spots,  ac- 
cording to  the  seat  of  lesion,  but  preferring  the  region  of  the 
nape  or  the  loins.  Inflammations,  hsemorrhages,  tumors,  degen- 
erations of  the  cord,  etc.,  produce  these  pains,  and  they  probably 
point,  in  most  cases,  to  pathological  irritation  of  the  root-fibres. 
The  pain  is  often  of  much  significance  in  affections  of  the  nerte- 
hrm  ;  it  is  localized  in  one  or  several  spinous  processes,  is  espe- 
cially felt  when  pressure  is  made  upon  them,  or  when  the  spine 
is  moved,  is  usually  associated  with  excentric  girdle-pains,  and 
with  a  very  rigid  position  of  the  spine  ;  but  the  latter  circum- 
stance occurs  in  some  other  kinds  of  spinal  pain,  without  lesion 
of  the  vertebrae. ' 

Pains  localized  in  the  vertebral  column  are  best  examined  by 
pressure  on  the  spinous  processes,  or  by  tapping  them  with  the 
percussion  hammer  or  fist,  or  by  vigorous  flexion  of  the  spinal 
column,  a  forcible  push  of  the  head  or  the  shoulders,  etc. ;  the 
hypersesthetic  portions  may  also  be  very  well  ascertained  by 
passing  over  them  a  sponge  dipped  in  cold  or  hot  water,  or  hj 
electrical  examination. 

A  brief  notice  of  headache  is  necessary,  which,  not  including 
accidental  complications  (fever,  cerebral  disease),  is  not  a  rare 

'  Compare  also  A.  Mayer,  Die  Bcdeutung  des  Riickenschmerzes  bei  Erkrankungen 
des  Riickenmarks  und  der  umgebenden  Theile.  Arch,  der  Heilk.  I.  p.  349.  1860. 
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accompaniment  of  spinal  diseases.  A  direct  involvement  of  tlie 
sensitive  fibres  of  tlie  cervical  plexus  in  the  lesion  of  tlie  cord 
may  give  rise  to  (occipital)  pain  ;  in  like  manner  the  trigeminus, 
which  receives  an  ascending  root  from  tlie  cervical  cord,  may 
sympathize ;  finally,  headaches  are  not  seldom  observed,  which 
resemble  hemicrania,  and  are  perhaps  referable  to  an  implication 
of  the  conductors  which  lie  in  the  cervical  sympathetic  and 
originate  in  the  cervical  medulla.  It  follows  that  any  sort  of 
continued  and  violent  pain  of  the  head  is  generally  to  be  as- 
cribed to  an  affection  of  the  cervical  medulla.  Such  pains  occur 
in  tabes,  in  local  sclerosis,  in  bulbar  paralysis,  tumors  of  the 
cervical  medulla,  etc.  {i.  e.,  in  cases  of  disease  of  the  cord). 


2.  Disturbances  of  Motility. 

These  are  the  most  common,  and  in  many  cases  the  predomi- 
nant and  most  troublesome  symptoms  of  spinal  cord  diseases. 
They  deserve  a  most  attentive  study  in  all  cases. 

The  proper  methods  for  examining  the  motor  apparatus  have  been  fully  explained 
by  me  in  Vol.  XI.  of  this  Cyclopsedia,  p.  267,  and  I  would  refer  to  the  statement 
there  made.  It  cannot  too  often  be  repeated,  that  the  examination  of  these  points 
should  be  as  thorough  and  general  as  possible  in  all  cases  ;  in  many  cases  of  difR- 
cult  diagnosis  this  furnishes  the  only  possible  means  of  attaining  an  exact  idea  of 
the  disease,  and  it  is  only  by  this  path  that  we  can  ever  hope  to  reach  a  clearer 
definition  of  diseases  than  we  now  possess. 

a.  Diminution  of  Motility —  Weakness  and  Paralysis. 

All  degrees  of  "palsy,"  from  the  slightest  paresis  to  complete 
paralysis,  occur  in  diseases  of  the  cord  ;  and  as  to  the  situation 
any  part  may  be  affected,  though  by  no  means  with  equal  fre-i 
quency. 

In  the  earlier  stages  the  patients  complain  of  being  quickly 
fatigued,  of  diminished  power  of  performance  and  endurance  in 
their  limbs,  then  of  a  slight  weakness  and  incertitude  in  execut- 
ing certain  movements,  perceived  only  by  themselves,  and  at 
last  a  slight  dragging  of  the  legs  is  observed.    In  these  early 
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stages  it  is  often  especially  striking  to  observe  tlie  inability  to 
stand  still  for  any  long  time. 

By  degrees  the  symptoms  of  weakness  become  plainer;  it 
becomes  harder  and  harder  for  patients  to  mount  on  a  chair  or 
ascend  stairs  ;  every  little  impediment  in  their  way  annoys  them 
and  detains  them  ;  their  powers  grow  continually  weaker,  short 
distances  exhaust  them  completely,  they  have  to  stop  or  sit  down 
at  every  other  step. 

Thus  it  goes  on  till  palsy  is  complete,  with  absolute  inability 
to  move  the  muscles  ;  it  may  be  weeks,  months,  and  years  before 
this  point  is  reached. 

But,  on  the  other  hand,  the  paralysis  may  occur  almost  sud- 
denly, becoming  complete  in  a  few  minutes  or  hours  ;  bed-ridden 
patients  often  observe,  at  the  moment  when  they  wish  to  make 
use  of  their  limbs,  that  they  are  more  or  less  completely  para- 
lyzed, so  stealthily  and  rapidly  may  the  palsy  develop  itself. 
This  point  depends  on  the  nature  of  the  disease  of  the  cord 
which  causes  the  paralysis. 

Our  observations  upon  this  matter  are  defective  enough  ;  but 
as  far  as  they  go,  they  allow  us  to  associate  spinal  paralytic 
symptoms  in  the  first  place  with  affections  of  the  anterior  half  of 
the  cord  ;  it  seems  from  pathological  observation  that  the  worst 
disturbances  of  voluntary  motion  originate  in  the  lateral  columns 
and  the  anterior  cornua.  We  are  not  yet  certain  as  to  the  part 
played  in  man  by  the  anterior  columns  proper.  It  is  clear  that 
the  causal  lesion  of  paralysis  may  have  various  locations  ;  in  the 
anterior  roots,  within  or  without  the  cord,  in  the  large  (motor) 
ganglion  cells  of  the  anterior  cornua  and  their  immediate  off- 
shoots, or  finally,  in  the  paths  which  lead  up  in  the  antero- 
lateral columns  to  the  brain.  The  lesion  may,  further,  be  cir- 
cumscript,  or  may  extend  over  a  great  part  of  the  length  of  the 
cord. 

The  nature  and  the  distribution  of  the  palsy  are  not  very 
characteristic  by  themselves,  but  their  combinations  with  other 
symptoms  give  many  points  which  assist  in  an  accurate  localiza- 
tion. Thus  the  presence  or  absence  of  reflex  actions,  secondary 
muscular  atrophy,  muscular  tension  and  contracture,  changes  in 
electrical  excitability,  etc.,  furnish  very  important  landmarks  of 
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the  seat  of  disease,  and  it  will  be  proper  here  to  mention  briefly 
some  of  these  points. 

Paralysis  rapidly  followed  by  a  marked  degree  of  atrophy 
and  by  the  reaction  characteristic  of  degeneration  (Entartungs- 
reaction) '  points  to  disease  of  the  anterior  roots  (rarely),  or  of 
the  gray  anterior  cornua  (more  frequently).  In  this  case  all 
reflex  actions  are  absent. 

Paralysis  with  tension  and  contractvire  of  muscles,  without 
atrophy,  is  very  probably  due  to  an  affection  of  the  lateral 
columns. 

Paralysis  without  loss  of  reflex  function  and  without  atrophy 
points  to  an  affection  of  the  paths  which  ascend  to  the  brain, 
outside  of  the  gray  substance,  or  at  least  outside  of  the  ganglia 
of  the  anterior  cornua.  Such  are  mostly  cases  of  circumscript 
disturbances  of  conduction,  the  end  of  the  cord  below  the  lesion 
^remaining  intact. 

Paralysis  with  trophic  disturbances  gives  room  for  suspecting 
an  affection  of  the  gray  substance,  since  primary  affections  of  the 
roots  are  very  rare. 

Very  extensive  palsy  with  much  atrophj'",  the  reaction  of 
degeneration,  absence  of  reflex  acts,  points  to  a  widely  diffused 
lesion  of  the  anterior  gray  substance. 

Paralysis  in  the  districts  of  certain  pairs  of  roots  {e.  g.,  in 
those  of  the  upper  extremities  alone,  or  both  crural  nerves,  etc.), 
points  to  a  strictly  localized  affection  of  roots  or  lesion  of  the 
gray  anterior  cornua. 

Of  course  these  statements  are  not  by  any  means  exhaustive, 
and  give  only  general  assistance  ;  the  difiiculty  of  making  the 
distinctions  is  at  present  very  great ;  in  many  cases  a  variety  of 
other  circumstances  (spasms,  anfesthesia,  pains,  palsy  of  the 
bladder,  etc.)  may  assist  the  judgment,  but  in  other  cases  they 
only  add  to  the  difficulty.  Such  combinations  are  very  common, 
and  are  extremely  various,  especially  in  the  different  forms  of 
myelitis. 

The  conclusions  which  are  formed  regarding  the  nature  of 
the  lesion  in  the  cord  are  far  less  certain  than  those  relating  to 
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its  place.  The  diagnosis  is  commonly  established  by  a  considera- 
tion of  the  symptoms  as  a  total. 

In  respect  to  the  extension  of  the  disease,  a  few  remarks 
remain  to  be  made. 

By  far  the  commonest  case  is  that  in  which  the  lower  extrem- 
ities, usually  both  together  or  nearly  so,  are  attacked  by  the 
paresis  or  paralysis,  which  gradually  ascends,  reaching  succes- 
sively the  trunk  and  the  upper  limbs.  In  fact,  paraplegm  is  so 
characteristic  a  form  of  spinal  palsy,  that  when  it  occurs  we 
always  think  first  of  a  spinal  affection.  (A  paresis  occurring 
in  this  form  may  be  designated  as  paraparesis.)  Paralysis  of 
both  lower  extremities  and  the  trunk  to  various  heights,  accom- 
panied by  disturbances  of  sensibility,  palsy  of  the  bladder  and 
rectum,  and  bed-sores — such  is  the  usual  form  ;  but  the  latter 
symptoms  may  be  entirely  wanting. 

The  most  frequent  causes  of  paraplegia  are  affections  which 
involve  the  thickness  of  the  cord,  or  complete  compression  from 
vertebral  caries,  tumors,  etc.  ;  but  paraplegia  occurs  also  in  affec- 
tions which  are  strictly  localized  in  the  motor  apparatus,  such 
as  spinal  palsy  of  children,  hemorrhage  in  the  gray  anterior  cor- 
nua,  etc. 

If  the  upper  extremities,  and  finally  the  muscles  of  respira- 
tion, are  also  invaded,  the  affection  takes  the  form  of  universal 
spinal  paralysis,  which  is  observed  in  various  spinal  affections, 
described  in  the  special  part  of  this  work. 

If  only  the  two  upper  extremities  are  attacked  by  palsy,  the 
legs  remaining  free,  we  paraplegia  hrachialis  or  cermcalis ; 
a  rather  rare  form.  It  occurs  in  connection  with  processes  which 
affect  in  an  isolated  manner  the  anterior  roots  of  the  cervical 
enlargement,  or  in  strictly  circumscribed  lesions  of  the  anterior 
cornua  in  the  cervical  enlargement  (as  in  spinal  palsy  of  children, 
progressive  muscular  atrophy,  perhaps  also  lead  palsy  [?]).  In 
disease  of  the  white  columns  it  is  rare  that  an  isolated  affection 
of  the  paths  for  the  upper  extremities  occurs. 

Hemiplegia  spinalis  (Brown-Sequard)  is  the  name  given  to 
palsy  of  an  arm  and  a  leg  of  the  same  side,  originating  in  a  spi- 
nal affection  ;  the  face  is  not  attacked.  It  occurs  in  unilateral 
disease  or  injury  of  the  cord,  in  which  case  the  motor  palsy  is  on 
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the  same  side  as  the  lesion  of  the  cord,  while  sensory  palsy  exists 
on  the  other  side.  If  this  palsy  is  confined  to  one  lower  extrem- 
ity, it  is  called  Jiemiparaplegia  spinalis.  For  further  remarks 
see  below,  in  the  section  upon  Unilateral  Lesion  of  the  Cord. 

Finally,  partial  paralyses  of  spinal  origin  are  frequent. 
They  may  be  limited  to  a  single  extremity,  single  groups  of 
muscles  and  nerve-territories,  or  even  single  muscles ;  this  de- 
pends entirely  on  the  nature  and  distribution  of  the  lesion  in  the 
cord.  Such  partial  palsies  are  usually  due  to  quite  circum- 
scribed local  lesions,  which  show  little  tendency  to  spread  ;  small 
hemorrhages  in  the  medulla,  circumscribed  myelitic  foci  in  the 
gray  substance,  little  islands  of  sclerosis,  etc.  It  is  often  hard, 
or  even  impossible,  to  distinguish  these  from  circumscript  affec- 
tions of  the  roots  or  other  peripheral  palsies, 

-'---^  XcWEST-Rl3(NC 

&.  Imperfect  Co-ordination  of  Momments— Ataxia.  jy 

This  peculiar  and  frequent  disturbance  of  movement  has  been 
made  the  subject  of  numerous  debates  within  the  past  ten  or 
twenty  years,  since  Duchenne  introduced  the  term  ' '  ataxie  loco- 
motrice"  into  nosology. 

Ataxia  is  characterized  by  inability  to  make  combined  or  com- 
plicated movements  with  certainty  and  exactitude,  or  even  (in 
advanced  cases)  to  make  them  at  all,  while  the  simple  individual 
motions  and  the  gross  force  of  the  muscles  are  normal,  or  but  lit- 
tle impaired. 

This  disturbance  is  most  marked  in  standing  and  walking. 
A  patient  who  presents  the  characteristic  signs  cannot  perform 
these  acts  with  security  ;  in  walking,  he  brings  his  foot  down 
with  a  stamp,  the  motions  of  his  legs  are  exaggerated,  wild,  jerk- 
ing, the  movements  are  various,  impulsive,  often  made  in  the 
wrong  direction  and  with  an  unsuitable  degree  of  force. 

It  soon  becomes  necessary  to  exercise  an  increased  control 
with  the  eyes  over  the  movements.  The  patient  has  to  keep  his 
eyes  on  his  feet  and  on  the  ground  while  walking  ;  in  the  dark, 
or  with  closed  eyes,  his  uncertainty  increases  considerably,  espe- 
cially when  there  exists  an  impairment  of  the  sensibility  of  the 
legs.    It  soon  becomes  impossible  to  walk  without  the  aid  of  a 
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cane,  or  a  pair  of  sticks  ;  finally  this  also,  and  even  standing,  is 
beyond  Ms  power. 

While  lying  down,  all  the  simple  movements  are  at  first  per- 
formed with  ease  and  certainty,  and  even  with  normal  force ;  but 
a  distinct  failure  of  force,  and,  still  more,  of  endurance,  is  usu- 
ally seen  at  an  early  stage.  All  complicated  movements,  on  the 
contrary  (describing  a  circle  or  other  figure  with  the  tip  of  the 
toes,  touching  objects  with  the  toes,  etc.),  are  more  or  less  inter- 
fered with,  even  in  the  lying  posture,  by  the  zigzag  movements 
of  the  leg.  This  at  last  extends  to  tlie  simple  movements  ;  the 
leg  is  jerked  hither  and  thither,  away  from  the  intended  line  of 
action,  or  it  falls  back  upon  the  bed  in  a  spot  different  from  that 
intended. 

In  the  severest  forms  of  ataxia,  every  attempt  at  innervation 
puts  a  great  number  of  muscles  in  action  ;  the  limbs  are  thrown 
about  irregularly,  and  perform  clonic  shaking  motions  which 
are  bej^ond  the  control  of  the  will.  These  motions  may  ex- 
tend from  one  to  the  other  leg,  and  in  severe  cases  even  to  the 
trunk  and  arms  ;  they  cease  as  soon  as  voluntary  acts  are  not 
attempted. 

In  the  arms  and  hands  we  observe  the  same  order  of  progress ; 
all  the  finer  complicated  movements  become  uncertain,  clumsy, 
sprawling,  and  at  last  quite  beyond  the  power  of  the  patient  to 
execute.  When  he  tries  to  seize  an  object,  he  passes  by  it, 
spreads  his  fingers  at  the  moment  when  he  should  grasp,  moves 
his  hand  forwards  in  irregular  zig-zags,  and  reaches  his  object 
with  difficulty  and  after  many  efforts.  He  cannot  carry  his  food 
to  his  mouth,  spills  the  contents  of  his  spoon  and  glass,  thrusts 
these  objects  into  his  face,  etc.  Buttoning  the  clothes,  sewing, 
writing,  playing  the  piano,  soon  become  impossible  from  the 
interference  of  the  involuntary  motions  ;  in  severe  cases  a  shak- 
ing and  sprawling  accompany  every  attempt  to  move,  and  put  the 
patient  in  a  condition  of  complete  helplessness. 

But  the  gross  force  is  very  often  retained  to  a  great  extent 
and  for  a  long  time  in  the  arms,  the  simple  movements  of  exten- 
sion and  flexion  being  performed  quite  well ;  if  a  hand  is  offered, 
the  patient  presses  it  powerfully,  and  is  able  to  make  very  ener- 
getic resistance  to  passive  movements. 
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In  rare  cases  the  same  disturbance  of  movement  seems  to 
extend  to  tlie  speech,  and  even  to  the  motions  of  the  eyes. 

If  the  phenomenon  is  closely  examined,  it  is  at  once  evident 
that  the  motor  disturbance  is  of  a  peculiar  kind.  The  simple 
motor  conduction  is  not  disturbed  ;  it  is  entirely  possible  to  per- 
form any  simple  motion ;  the  force  of  the  muscles  is  often  re- 
tained for  a  long  time,  or  only  a  little  diminished  ;  tJie  case  can- 
not, thei'efore,  he  one  of  real  palsy,  however  helpless  the  patient 
may  often  be  made  by  these  disturbances.  There  is  rather  a 
deficient  harmony  among  the  impulses  to  motion  which  are  requi- 
site for  every  combined  and  associated  movement.  We  may 
therefore  give  the  following  definition  :  Ataxia  is  the  disturb- 
ance of  movement,  produced  by  defective  co-ordination  of  the 
latter.  Wherever  a  co-ordination  of  several  muscles  is  requisite 
to  the  production  of  a  certain  movement,  this  symptom  appears, 
and  is  distinct  in  proportion  as  the  desired  movement  is  compli- 
cated. 

The  manner  in  which  ataxia  may  be  produced  appears  from 
that  which  has  already  been  stated  (see  p.  39  et  seq.)  concerning 
the  co-ordination  of  movements — namely, 

a.  By  abnormal  extension  of  the  motor  innervation  to  too 
many  or  too  few  muscles,  so  that  in  some  cases  more,  in  others 
fewer  than  are  normally  required,  are  put  in  use  for  the  attain- 
ment of  a  definite  object  of  motion. 

b.  By  abnormal  strength  of  the  innervation  sent  to  each 
muscle  in  the  case  of  a  complicated  movement. 

A  division  of  these  disturbances  into  ataxia  proper  (cases  under  o)  and  disturl- 
ancea  of  inriervation  (under  h),  as  proposed  by  Cyon,'  is  impracticable.  The  eiTcct 
of  both  disturbances  upon  the  visible  movement  is  plainly  the  same.  And  since, 
at  any  rate,  the  two  functions— the  choice  of  the  muscles  to  be  innervated,  and  the 
strength  of  the  single  innervations — are  simultaneously  executed  by  the  same 
apparatus  (that  for  co-ordination),  the  disturbances  of  this  apparatus  will  always 
affect  both  functions  more  or  less. 

Exactly  how  these  disturbances  come  to  pass  is  hard  to  say  ; 
irritative  and  inflammatory  processes  in  the  apparatus  for  co- 
ordination may  sometimes  be  the  cause. 


'  Zur  Lehre  von  der  Tabes  doraualis.    Berlin.  1867. 


86   EKB. — DISEASES  OF  THE  SPINAL  COUD  AND  ITS  ENVELOPES. 

It  has  been  stated  above,  that  the  proper  centres  of  co-ordina- 
tion do  not  lie  in  the  spinal  cord  ;  that  at  all  events  they  are  by 
no  means  to  be  demonstrated  in  it. 

By  this  one  fact,  the  hypothesis  of  Brown-SCquard,  Jaccoud,  Cyon,  and  others 
is  rendered  very  improbable  ;  these  authors  believe  that  in  spinal  affections  ataxia 
originates  in  a  disturbance  of  the  reflex  function,  because,  under  normal  circum- 
stances, co-ordination  is  effected  reflexly  within  the  cord,  in  the  gray  substance. 
Although  there  are  a  few  motor  acts,  such  as  standing  and  walking,  in  which  it  is 
impossible  entirely  to  deny  the  co-operation  of  reflex  processes;  although,  more- 
over, the  absence  of  the  tendon-reflex  in  tabes  (recently  discovered  by  Westphal, 
and  confirmed  by  myself)  might  be  employed  to  assist  this  position,  yet  a  closer 
consideration  shows  that  it  is  entirely  untenable.  The  subject  cannot  be  further 
discussed  here. 

In  ataxias  originating  in  spinal  disease  only  those  conductors 
can  be  disturbed  whose  assistance  is  required  in  producing  co- 
ordination.   Such  paths  are  either 

Sensory  patlis  (for  the  cutaneous  or  muscular  sensation,  etc.), 
which  are  of  use  in  superintending  the  movements  and  in  main- 
taining the  equilibrium  of  the  body  ;  or 

Those  motor  jpatlis  which  convey  the  impulses  from  the  cen- 
tres of  co-ordination  to  the  motor  roots ;  these  paths  are  prob- 
ably distinct  from  the  simple  paths  for  motor  conduction,  which 
furnish  a  direct  connection  between  the  voluntary  centres  and 
the  muscles  ;  they  form  a  sort  of  side-channel. 

Ataxia  in  diseases  of  the  spinal  cord  must  therefore  be  either 
sensory  (caused  by  disturbance  of  the  centripetal  paths)  or 
motor  (caused  by  disturbance  of  the  centrifugal  paths '). 

The  existence  of  these  two  forms,  and  the  evidences  for  sup- 
posing their  existence  in  various  spinal  diseases,  form  the 
nucleus  for  the  recent  theoretic  dispute  about  the  existence  of 
spinal  ataxia  of  movement. 

A  very  exquisite  ataxia  is  found  in  various  spinal  diseases, 
as  sclerose  en  plaques,  and  more  especially  in  tabes  dorsalis 
(ataxie  locomotrice  progressive,  gray  degeneration  of  the  pos- 
terior columns).    The  strife  is  very  hot  upon  the  latter  point. 

While  authors  like  Friedreich,  Spaeth,  Niemeyer,  Topinard, 

'  Central  ataxia,  caused  by  disease  of  the  centres  of  co-ordination,  may  be  placed  in 
a  class  distinct  from  these  forms. 
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Filikelnburg,  and  others,  have  supported  the  theor}'^  of  motor 
ataxia,  others,  as  Axenfeld,  Landry,  Leyden,  Ruehle,  Clifi'ord 
AUbutt,  have  tried  to  base  ataxia  upon  sensory  disturbances. 
Tlie  view  of  Leyden  is  at  first  very  pkiusible ;  it  lias  been  thor- 
oughly stated  in  several  works,'  and  has  gained  a  very  large 
number  of  supporters.  We  will  brieflj^  inquire  whether  the  rea- 
sons brought  forward  in  support  of  this  view  are  sufficient  or 
not. 

Leyden' s  theory  of  ataxia  may  be  stated  as  follows:  Co- 
ordination of  movements  is  rendered  possible,  and  is  effected 
through  sensibility ;  suspension  of  the  sensibility  (of  the  skin, 
joints,  muscles,  etc.)  suspends  co-ordination  ;  gray  degeneration 
of  the  posterior  columns  is  accompanied  by  disturbance  of  sensi- 
bility, along  with  the  ataxia  ;  we  are  acquainted  with  no  other 
than  sensory  functions  in  the  posterior  columns  ;  consequently, 
ataxia  is  a  result  of  disturbance  of  sensibility. 

First,  we  cannot  consider  the  experimental  proof  of  this  the- 
ory as  very  fortunate  ;  we  do  not  wish  to  endorse  Cyon's  violent 
criticism,  but  we  are  forced  with  him  to  draw  from  Leyden' s  first 
series  of  experiments  the  conclusion,  "that  the  disturbance  in 
muscular  function  which  follows  section  of  the  posterior  roots 
has  nothing  in  common  with  what  we  are  accustomed  to  call 
disturbance  of  co-ordination."  And  the  second  series  of  experi- 
ments on  frogs,"  with  section  of  the  posterior  regions  of  the  cord, 
cannot  prove  anything  in  regard  to  the  present  question,  not  to 
speak  of  the  great  complication  of  the  circumstances  ;  it  proves 
at  most  that  when  certain  portions  of  the  cord  are  cut,  disturb- 
ances of  sensibility  and  of  co-ordination  appear  simultaneously. 
It  is  impossible  to  draw  from  these  experiments  a  conclusion  as 
to  the  dependence  of  the  latter  upon  the  former. 

The  demonstration  from  pathological  cases  is  based  on  the 
fact  that  in  not  a  few  cases  of  ataxia  there  exist  various  degrees 
of  disturbance  of  sensibility,  and  especially  disturbance  of  the 
so-called  muscular  sense.    This  also  proves  nothing  of  itself  ;  it 

'  Die  graue  Degeneration  der  Hinterstrange  des  R.-M.  1863.— Zur  grauen  Degenera- 
tion der  hinteren  Ruckenmarksstriinge.  Virch.  Arch.  Bd.  40.  1867.— Ueber  Muakelsinn 
und  Ataxie.  Virch.  Arch.  Bd.  47.  p.  321.  1809. 

»  Yirchow's  Arch.  Bd.  40,  p.  108. 
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shows,  at  the  most,  that  in  gray  degeneration  of  the  posterior 
columns  sensory  and  co-ordinatory  paths  are  attacked  together. 

A  positive  argument  against  this  view  is,  however,  found  in 
the  disproportion  between  the  intensity  of  the  sensory  disturb- 
ance and  the  ataxia;  there  are  cases  of  severe  ataxia  witli  slight 
disturbance  of  sensibility,  and  of  severe  disturbance  of  sensibility 
with  slight  ataxia  ;  they  are  not  rare  in  any  considerable  series 
of  cases. 

Again,  the  existence  of  ataxia  in  a  high  degree  without  any 
disturbance  of  sensibility  militates  against  this  view.  Fried- 
reich '  has  published  such  cases.  Leyden  does  not  fully  admit 
their  existence.  I  myself,  however,  have  very  recently  examined 
two  cases  of  this  sort  most  carefully  in  regard  to  this  point,  and 
have  found  severe  ataxia  associated  with  a  sensibility  completely 
intact  in  every  point  (touch,  temperature,  pressure,  pain,  sense  of 
tickling,  muscular  feeling,  feeling  of  position  of  limbs,  of  passive 
movements,  etc.),  so  that  the  existence  of  such  cases  is  proved  to 
my  mind  beyond  the  possibility  of  doubt. 

Again,  the  occurrence  of  severe  anastliesia  without  ataxia 
does  not  harmonize  with  such  a  view.  Literature  is  not  want- 
ing in  cases  in  which  there  was  anaesthesia  of  the  legs,  without 
ataxia,  from  one  or  another  cause.  In  the  printed  accounts 
of  cases  of  unilateral  lesion,  moreover,  I  have  found  that  ataxia 
has  never  been  observed  in  the  ansesthetic  leg.  These  cases, 
however,  may  be  met  Avith  the  statement  that  only  cutaneous 
anaesthesia  was  present,  while  the  muscular  sense  was  intact. 

The  only  decisive  case  would  be  that  of  complete  spinal  ances- 
thesia  (involving  the  skin,  joints,  muscles,  etc.)  without  ataxia. 
Such  a  case  exists.  It  was  repeatedly  examined  by  various 
trustworthy  observers,  with  special  regard  to  the  question  in 
hand ;  an  autopsy  was  had,  and  the  state  of  the  cord  was 
given  with  great  accuracy.  This  is  the  case  of  Remigius  Leins, 
lirst  published  in  Spaeth's  work;"  the  autopsy  was  fully  de- 
scribed by  Schueppel.'  Its  importance  obliges  us  to  give  a  brief 
account  of  it. 


*  Virchow's  Arch.  Bd.  2G  and  27.  1863. 

*  Beitr.  zur  Lehre  von  der  Tabes  dorsualis.  Tubingen.  1864. 

*  Ueber  einen  Fall  von  allgemeiner  Aniisthesie.  Arch.  d.  Heilk.  XV.  1874.  p.  44. 
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Reinigiu3  Loins,  aged  forty-two,  in  the  year  1802,  has  suffered  for  twenty  years 
with  ancesthesia  of  the  hands  and  arms,  which  rapidly  became  severe ;  for  six  years 
similar  troubles  have  existed  in  the  lower  extremities.  Present  condition :  upper 
extremities  wholly  anoesthetic  ;  on  the  soles  of  the  feet  the  sensations  of  touch,  pres- 
sure, and  pain  are  entirely  extinct,  and  in  the  legs  considerably  diminished.  He 
falls  when  his  eyes  are  closed.  In  the  dark,  when  in  bed,  he  feels  as  if  floating  in 
the  air,  as  the  antesthesia  extends  to  the  trunk. 

March,  1864. — Sense  of  pressure  in  the  upper  extremity,  and  the  sense  of  force, 
entirely  extinct.  Sense  of  position  of  the  upper  extremity  and  of  passive  movements 
of  the  latter  completely  extinct.  Movements  of  the  upper  extremities  powerful  and  per- 
fectly correct ;  the  patient  eats  alone,  dresses  himself,  etc.,  as  far  as  he  can  direct 
his  acts  with  his  sight.  When  the  eyes  are  closed  the  arms  are  moved  nearly  like 
those  of  a  blind  man.  In  the  lower  extremity,  besides  the  cutaneous  antesthesia, 
there  is  complete  loss  of  the  sense  of  passive  movements  and  of  the  position  of  limbs. 
In  spite  of  this  the  patient  can  walk  without  suppm't,  quite  fast  and  securely,  for  a 
good  distance.  If  he  is  ashed  to  raise  his  foot  to  a  given  height  while  his  eyes  are  shut, 
he  accomplishes  the  act  by  a  perfectly  quiet  and  suitable  motion. 

June,  1873. — Sensibility  continues  the  same.  When  the  eyes  are  shut  he  has  no 
idea  at  all  of  the  position  of  his  limbs,  and,  if  standing,  falls.  He  can  still  walk, 
clumsily,  but  not  atactically.  He  can  perform  all  desired  actions  with  his  arms,  as 
long  as  he  can  see  them. 

Death,  May,  1873. 

Autopsy. — A  cavity  in  the  entire  length  of  the  cord,  from  the  level  of  the  first 
cervical  nerve  to  the  first  lumbar.  Posterior  columns  in  the  lower  half  of  the  cer- 
vical medulla  wholly  destroyed  and  gone  ;  al)ove,  gray  degeneration  ;  in  the  dorsal 
part  slight  atrophy  and  increase  of  connective  tissue ;  the  lumbar  part  normal. 
Anterior  columns  everywhere  quite  uninjured  and  normal.  Anterior  commissure, 
from  the  second  cervical  to  the  twelfth  dorsal  nerve,  completely  destroyed.  Lat- 
eral columns  in  the  same  regions  sclerotic  in  the  neighborhood  of  the  posterior 
cornua.  Gray  substance  mostly  implicated  in  the  cavity ;  gray  commissure  and 
posterior  cornua  almost  wholly  destroyed  in  the  entire  cervical  and  dorsal  medulla; 
anterior  cornua  almost  entire,  and  only  in  the  cervical  region  reduced  to  a  small 
size;  a  lateral  strip  of  gray  substance  is  also  retained  everywhere.  Anterior  roots 
normal.  Posterior  roots,  from  the  third  to  the  eighth  cervical  nerves,  in  a  state 
of  complete  connective-tissue  degeneration,'  and,  to  the  end  of  the  dorsal  medulla, 
more  or  less  atrophied.    Lumbar  part,  with  its  roots,  normal ;  etc. 

This  case  is  perfectly  clear  and  convincing  ;  in  my  opinion  it 
entirely  overthrows  Ley  den's  theory.  If  the  maintenance  of 
sensibility  were  a  necessary  condition  of  co-ordination  of  move- 
ments, the  extreme  of  ataxia  ought  to  have  accompanied  this 
absolute  ansesthesia  ;  but  there  was  no  trace  of  ataxia. 


This  fact  is  also  very  decisive  against  the  reflex  theory  of  Brown-S6quard  and  Cyon. 
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It  results  without  question  from  this,  that  the  retention  of 
sensibility  is  not  necessary,  in  order  that  co-ordinate  movements 
shall  be  performed  ;  it  may  be  necessary  in  acquiring  the  faculty 
of  doing  them,  and  without  doubt  it  is  of  great  importance  in 
maintaining  equilibrium,  but  it  is  not  indispensable  in  perform- 
ing co-ordinate  movements  which  ham  been  learnt.  Loss  of  sen- 
sibility, therefore,  can  in  no  way  interfere  with  these  movements, 
when  once  acquired  by  jDractice. 

It  seems  to  us,  therefore,  quite  unjustifiable,  upon  scientific 
grounds,  to  make  a  disturbance  of  sensibility  responsible  for 
ataxia,  when  both  occur  together.  It  must  rather  be  believed, 
that  there  exist  special  co-ordinatory  paths  in  the  cord,  which  are 
attacked  in  tabes  dorsalis  and  cognate  affections,  when  the  symp- 
toms of  ataxia  appear. 

In  the  present  state  of  our  knowledge,  therefore,  we  have  no 
right  to  assume  any  other  than  a  motor  ataxia  in  tabes. 

In  examining  the  question  whether  a  motor  ataxia  can  be 
objectively  distinguished  from  the  sensory  form,  this  will  become 
still  plainer ;  it  will  also  be  seen  whether,  and  how  far,  the 
assumption  of  a  sensory  ataxia  is  justified. 

A  purely  motor  form  of  ataxia  is  to  be  assumed  when  the  sen- 
sory apparatus  is  entirely  normal  (sensibility,  muscular  sensa- 
tion, vision).  If  sensibility  (in  its  widest  sense)  is  perfect,  and 
the  movements  are  still  atactic,  it  must  be  that  the  cause  lies 
only  in  the  apparatus  for  co-ordination,  and  not  in  the  accessory 
sensory  apparatus.  We  ]iave  above  shown  that  such  cases  exist 
beyond  a  doubt. 

We  know  further,  from  two  series  of  observations,  mutually 
confirmatory,  that  the  retention  of  a  single  sensory  control- 
apparatus  is  sufficient  to  render  possible  a  perfect  co-ordination 
of  movements,  if  only  the  apparatus  for  co-ordination  is  itself 
normal.  For  (1)  blind  persons,  or  well  persons  with  shut  eyes, 
show  no  trace  of  ataxia,  and  (2)  anaesthetic  patients,  even  when 
the  cutaneous  and  the  muscular  sensibilit}'-,  etc.,  are  completely 
extinct,  show  no  trace  of  ataxia  as  long  as  their  eyes  are  open 
and  they  can  control  their  movements  by  vision  ;  this  is  an  in- 
controvertible inference  from  the  Spaeth-Scliueppel  case. 

Hence  we  may  conclude  that  a  case  of  ataxia,  even  when  only 
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one  sensory  control-apparatus  remains  in  activity,  must  be  of  a 
purely  motor  nature.  This  is  the  case  when  an  anaesthetic  patient 
makes  atactic  movements  with  open  eyes,  or  when,  with  normal 
sensibility,  the  eyes  being  blind  or  shut,  ataxia  is  present.  Such 
cases  are  indeed  not  wanting ;  they  form  the  great  majority  of 
tabetic  diseases ;  they  must,  therefore,  be  instances  of  motor 
ataxia. 

It  is  harder  to  characterize  sensory  ataxia ;  and  it  is  ques- 
tionable whether  that  which  is  commonly  called  ataxia  ever  origi- 
nates in  disturbance  of  the  sensory  control. 

If,  in  spinal  affections,  all  voluntary,  complex  movements, 
such  as  are  acquired  by  practice,  are  well  performed,  and  if  no 
disturbances  occur  until  movements  are  attempted,  for  which  a 
sensory  control  is  indispensable  (e.  g.,  maintaining  equilibrium, 
standing  upright,  etc.),  then  there  will  be  a  certain  propriety  in 
speaking  of  sensory  ataxia.  It  will  be  recognized  by  observing 
that  disturbances  of  motion  are  absent,  so  long  as  even  one  sen- 
sory control-apparatus  is  in  action,  but  make  their  appearance 
when,  one  apparatus  being  already  impaired,  the  other  (intact) 
apparatus  is  excluded ;  thus,  when  a  blind  man  becomes  anaBS- 
thetic,  or — to  choose  a  more  likely  example — when  an  angesthetio 
patient  closes  his  eyes.  In  these  cases,  considerable  disturbances 
of  motion  will  inevitably  occur.  It  seems  to  us,  however,  ex- 
tremely questionable  whether  these  disturbances  show  an  agree- 
ment with  or  even  a  resemblance  to  that  which  we  call  ataxia. 

When  a  patient  whose  hands  are  anaesthetic  shuts  his  eyes, 
he  can  no  longer  hold  firmly  a  needle,  a  button,  or  similar  ob- 
jects ;  he  cannot  fasten  his  clothes,  etc. ;  the  things  fall  from  his 
hand,  he  does  not  complete  the  motions,  he  performs  them  falsely 
— but  he  does  not  become  atactic.  The  movements  are  correctly 
willed,  and  probably  also  correctly  executed  ;  but  the  patient  is 
no  longer  able  to  judge  whether  the  end  is  attained  ;  the  move- 
ments are  therefore  often  carried  beyond  the  point  desired,  or 
they  fail  to  reach  it — but  they  do  not  become  properly  atactic. 
It  is  the  same  as  when  an  object  is  held  before  a  blindfolded  per- 
son, and  he  is  asked  to  seize  it ;  he  will  make  the  most  unsuita- 
ble movements,  but  tliey  will  not  be  atactic. 

If  the  feet  are  anaesthetic,  and  the  patient  shuts  his  eyes  while 


92   ERB. — DISEASES  OP  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

standing,  he  will  fall  immediately,  because  he  has  no  oversight 
("  Controle")  as  to  whether  the  voluntary  efforts  for  the  purpose 
of  retaining  the  equilibrium  are  sufficient  or  insufficient.  In 
lesser  degrees  of  anjEsthesia,  tottering,  at  least,  will  occur,  because 
an  adequately  strong  sensory  impression  is  not  made  by  any 
minute  deflection  of  the  body.  Walking  with  closed  eyes  be- 
comes uncertain,  tottering,  even  impossible  ;  but  it  is  not  at  all 
necessary  that  a  proper  ataxia  should  exist.  This  also  results 
from  the  case  of  Spaeth  and  Schueppel. 

The  intentions  of  the  will  may  be  formed  and  executed  quite 
properly,  but  they  are  incorrect  with  respect  to  the  desired  ob- 
ject, being  too  great  or  too  small,  because  the  patient  is  deprived 
of  a  standard  by  which  to  measure  them.  In  this  case,  there- 
fore, the  purposes  of  the  will  and  the  volimtary  impulses  to 
movement  are  false,  hut  they  are  correctly  carried  out,  while  in 
ataxia  proper  the  purposes  of  the  will  are  correct^  hut  are  falsely 
carried  out. 

The  notion  of  sensory  ataxia  is,  therefore,  only  admissible  in 
case  the  motor  impulses  which  maintain  the  equilibrium  are  pro- 
duced quite  involuntarily  by  the  action  of  centripetal  excitement 
on  motor  paths  (in  the  thalamus  opticus,  the  corpora  quadrige- 
mina,  or  the  cerebellum),  that  is,  in  apparatus  which  is  usually 
called  co-ordinatory.  But  the  symptoms  of  such  cases  are  cer- 
tainly essentially  different  from  those  of  motor  ataxia. 

It  seems  to  me,  however,  much  more  desirable  to  separate  the 
processes  which  serve  to  maintain  the  equilihr  ium  and  pos  ition 
in  space  from  the  processes  of  co-ordination  proper  of  the  {volun- 
tary) movements  ;  this  will  certainly  conduce  to  clearness  in  the 
question  of  ataxia.  The  discovery  by  Goltz  of  the  different  cen- 
tres for  equilibrium  (lobi  optici)  and  for  locomotion  of  the  body 
( cerebellum )  is  a  weighty  argument  for  this  separation.  Of 
course,  the  processes  of  movement  which  contribute  to  the  main- 
tenance of  equilibrium,  etc.,  equally  require  the  apparatus  of 
co-ordination  in  order  to  act  normally,  and  this  is  put  in  action 
by  impulses  from  the  centres  for  equilibrium,  as  it  is  by  the 
centres  of  volition  in  voluntary  actions.  The  centres  of  equi- 
librium, therefore,  and  those  of  volition  may  be  considered  as 
standing  in  a  similar  relation  to  the  apparatus  for  co-ordination. 
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It  follows  directly  that  a  disturbance  of  the  centres  of  equilib- 
rium does  not  at  all  necessitate  a  disturbance  of  co-ordination 
of  voluntary  movements  ;  also  that  a  disturbance  of  the  sensory 
excitations  which  put  the  centre  of  equilibrium  in  action  is  not 
necessarily  followed  by  a  disturbance  of  co-ordination,  but  that, 
on  the  other  hand,  every  disturbance  of  the  apparatus  of  co-ordi- 
nation will  more  or  less  impair  the  performance  of  the  move- 
ments necessary  for  equilibrium.  It  will  be  well  in  future  to 
apply  the  test  separately  in  both  directions  in  these  cases  of  spi- 
nal disease. 

This  brings  before  us  the  consideration  of  another  motor 
symptom,  which  is  usually  placed  in  the  most  intimate  connec- 
tion with  ataxia,  namely,  tottering  and  falling  when  the  eyes  are 
*  shut,  a  symptom  to  which,  under  the  name  of  the  Brach-Rom- 
berg  symptom,  too  much  importance  has  certainly  been  at- 
tached. 

It  is  easy  to  prove  that  many  patients  with  disease  of  the  cord 
(especially  tabetic  patients,  with  a  more  or  less  marked  ataxia  and 
disturbance  of  sensibility),  who  are  still  able  to  walk  and  stand 
quite  tolerably  with  open-  eyes,  begin  immediately  to  totter  as 
soon  as  thek  eyes  are  shut ;  the  tottering  becomes  worse  and 
worse,  and  in  severe  cases  the  patient  presently  falls.  This  tot- 
tering is  most  plain  when  the  eyes  are  closed,  and  the  patient  is 
made  to  stand  with  his  feet  together.  The  intensity  of  this  dis- 
turbance usually  seems  to  be  directly  proportionate  to  the  de- 
gree of  ataxia,  but  this  is  only  apparently  true. 

This  phenomenon  is  evidently  due  to  a  disturbance  of  equilib- 
rium and  of  the  power  of  maintaining  position  in  space.  We 
have  already  shown  that  these  cannot  be  maintained  without  a 
continued  sensory  control  (principally  furnished  by  the  sensory 
impressions  in  the  lower  limbs  and  by  the  sense  of  sight).  If  one 
part  of  this  sensory  control  be  taken  away  by  shutting  the  eyes, 
the  maintenance  of  equilibrium  and  position  in  space  will  be  dif- 
ficult, in  proportion  as  the  other  factor  is  already  impaired,  that 
is,  corresponding  with  the  existing  disturbance  of  sensibility. 

In  fact,  this  symptom  also  is  found  chiefly  or  exclusively  in 
cases  of  marked  disturbance  of  sensibility  of  the  lower  limbs ;  in 
complete  anaesthesia  the  patients  fall  quickly  when  their  eyes 
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are  closed.  This  phenomenon,  therefore^  is  simply  an  indica- 
tion that  the  sensory  control  exercised  hy  the  soles  of  the  feet, 
the  joints,  and  the  muscles  is  insufficient.  This  is  in  harmony 
with  Benedikt's  statement,  that  in  a  great  many  instances  of 
difRcnlty  in  standing  with  closed  eyes,  he  has  never  seen  one 
where  there  was  not  a  disturbance  of  the  muscular  conscious- 
ness. But,  on  the  other  hand,  there  are  some  quite  severe  cases 
of  ataxy  (as  I  have  seen  most  clearly  demonstrated),  in  which 
the  tottering  with  closed  eyes  is  absent  or  scarcely  exists,  when 
the  sensory  control  from  the  skin,  the  muscles,  etc.,  is  perfectly 
intact,  i.  e.,  when  there  is  no  disturbance  of  sensibility.  It  is 
well,  however,  to  remember  that  in  atactic  persons  this  symptom 
must  be  more  marked,  since  the  movements  which  serve  to  main- 
tain equilibrium  are  inco-ordinate,  so  that  they  usually  totter 
very  perceptibly,  even  when  their  eyes  are  open. 

It  should  here  be  added,  that  in  many  atactic  patients  the 
want  of  co-ordination  increases  decidedly,  the  movements  become 
much  more  excessive  and  ungovernable,  when  the  eyes  are  shut. 
This  proves  no  more  than  that  the  control  by  the  eyes  may  fur- 
nish a  means  of  partially  compensating  for  the  disturbance  of 
co-ordination,  so  that,  as  in  the  process  of  learning  how  to  co- 
ordinate, a  continuous  influence  upon  the  centres  for  this  func- 
tion may  be  exercised ;  if  this  influence  ceases  (when  the  eyes 
are  shut)  the  disturbance  of  co-ordination  returns  in  its  full  force. 

This  may  be  the  reason  why  atactic  patients,  without  disturb- 
ance of  sensibility,  occasionally  totter  a  little  when  their  eyes 
are  shut,  because  the  muscular  actions  that  are  called  into  use 
in  supporting  the  equilibrium,  already  atactic,  are  no  longer 
under  the  direction  and  control  of  the  sense  of  sight. 

These  symptoms,  however,  are  always  much  more  marked  in 
cases  where  there  is  impairment  of  the  sensibility,  especially  of 
the  so-called  muscular  sense  ;  in  this  case  the  movements  become 
excessive  and  entirely  irregular,  because  when  the  eyes  are  closed 
the  sensory  control  entirely  ceases,  and  to  the  existent  disturb- 
ance of  co-ordination  there  is  added  an  uncertainty  respecting 
the  extent  of  the  voluntary  impulse  required,  the  standard  for 
estimating  which  has  been  lost.  In  such  cases  the  ataxia  in- 
creases considerably  when  the  eyes  are  shut,  while  in  atactic  per- 
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sons  who  retain  their  sensibility  perfectly  no  increase  of  ataxia 
worth  mentioning  occurs,  the  sensory  control  afforded  by  the 
skin  and  muscles  being  complete  and  adequate. 

This  entire  series  of  symptoms  is  only  a  proof  that  the  dis- 
turbance of  co-ordination  may  be  partially  made  good  by  sen- 
sory control  exercised  through  the  vision. 

We  have  to  add,  finally,  that  in  a  few  cases  it  has  been  ob- 
served that  atactic  persons  who  were  completely  blind,  but  were 
able  to  stand,  also  experienced  a  distinct  increase  of  tottering 
when  they  shut  their  eyes.  It  is  clear  that  this  cannot  be  due  to 
any  further  diminution  of  the  sensory  control  of  the  eyes ;  but 
it  is  hard  to  find  any  explanation  for  this  singular  phenomenon. 
The  most  obvious  conclusion  is,  that  the  phenomenon  is  a  psy- 
chical one.  Might  a  sudden  calling  off  of  the  attention  cause 
an  increase  of  uncertainty  in  the  legs  ?  Or  may  it  be  that  a  new 
act  of  motor  innervation  can  send  impulses  to  the  co-ordinatory 
apparatus,  which  increase  the  existent  disturbances  in  the  lat- 
ter ?   At  present  we  do  not  know. 

The  preceding  appears  to  furnish  a  sufficient  demonstration 
of  the  fact  that  the  chief  form  of  ataxia  in  spinal  afl:"ections  is  of 
a  motor  nature.  There  must,  therefore,  exist  in  the  spinal  cord 
special  centrifugal  fibres,  employed  for  co-ordination  (Spaeth), 
and  ataxia  in  a  spinal  affection  occurs  only  when  these  fibres  are 
attacked.    Their  site  is  entirely  unknown. 

Most  observers  place  them  in  the  white  posterior  columns, 
because  the  autopsy  of  atactic  patients  usually  shows  gray  degen- 
eration of  the  posterior  columns.  If  it  were  proved  to  a  cer- 
tainty that  in  such  patients  the  posterior  columns  were  exclvr 
sively  attacked,  we  might  regard  this  as  demonstrated.  But 
this  is  not  yet  proved  ;  it  is  even  probable  that  in  such  patients 
there  is  a  more  or  less  considerable  implication  of  the  gray  sub- 
stance and  the  lateral  columns,  as  a  rule. 

Further,  the  case  of  Spaeth  and  Schueppel  is  rather  decisive 
against  the  localization  of  the  co-ordinatory  paths  in  the  pos- 
terior columns,  although  the  duration  of  the  case  was  such  that 
a  compensatory  conduction  might  be  thought  possible. 

Where,  then,  are  we  to  look  for  these  co-ordinatory  paths  ? 
In  the  gray  substance?    In  the  antero-lateral  columns?  The 
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experiments  of  Brown- Sequard,  who  was  enabled  to  produce 
ataxia  in  birds  by  lesion  of  the  gray  substance  of  the  ventriculus 
lumbalis,  point  rather  to  the  gray  substance.  On  the  other  hand, 
according  to  the  experiments  of  Woroschiloff,  the  co-ordinatory 
paths  lie  (in  rabbits)  in  the  lateral  columns,  in  their  innermost 
part,  in  the  sinus  between  the  anterior  and  posterior  columns. 
At  present  the  question  is  not  settled  in  the  case  of  man ;  further 
exact  investigations  are  necessary  to  bring  it  to  a  solution  ;  per- 
haps we  may  gradually  approach  a  conclusion  by  careful  com- 
parisons of  suitable  cases  of  spinal  sclerosis  in  patches.  Till 
then,  our  first  thought  in  ataxia  will  be  of  a  disease  of  the  pos- 
terior columns,  and  especially  (as  would  appear  from  Charcot's 
latest  statements ')  the  lateral  portions  of  these  columns,  adja- 
cent to  the  gray  substance,  called  the  "region  des  bandelettes 
externes,"  region  of  the  inner  bundles  of  root-fibres. 

c.  Various  ClLaracteristic  Gaits  in  Spinal  Disease. 

The  form  of  the  lesion  may  often  be  recognized  by  the 
patient's  characteristic  gait,  as  soon  as  he  enters  the  room.  I 
believe  that  for  practical  purposes  it  is  sufficient  to  distinguish 
the  following  leading  varieties,  which  may  be  distinctly  sepa- 
rated : 

1.  The  paretic  and.  paralytic  gait — caused  by  a  more  or  less 
extensive  palsy  of  the  lower  extremities.  The  gait  is  shuffling, 
the  tip  of  the  foot  drags  on  the  ground,  the  fore-part  of  the 
foot  hangs  down,  the  sole  is  planted  awkwardly,  usually  with 
the  outer  edge  first ;  the  knee  is  raised  high,  or  is  drawn  after 
the  patient  in  an  extended  position  ;  a  certain  stiffness  of  the  legs 
is  often  remarked.  The  patient  walks  with  one  or  two  canes,  or 
is  supported  by  crutches  or  guides ;  he  totters  but  little,  stands 
quietly  and  securely,  and  when  left  alone  simply  sinks  to  the 
ground,  in  most  cases.  The  manner  of  walking  differs  some- 
what, according  to  the  distribution  of  the  pais}''  among  the 
groups  of  muscles ;  if  the  whole  leg  is  palsied,  it  is  different  from 
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what  it  is  in  palsy  of  the  lower  half  of  the  leg  ;  in  the  latter  case 
it  is  waddling,  and  especially  characteristic. 

2.  The  atactic  loalk — caused  by  disturbance  of  co-ordination 
in  the  legs.  It  is  characterized  by  irregular  hurling  movements  ; 
the  point  of  the  foot  is  thrown  forward  and  outward  with  force  ; 
the  heel  is  brought  down  with  a  stamp,  the  leg  stiff  at  the'knee. 
The  patient's  eyes  are  continually  on  the  ground.  The  gait  is 
tottering,  staggering,  or  even  reeling  from  side  to  side ;  the  move- 
ments are  hasty,  spasmodic,  quite  unequal ;  in  turning  about, 
especially,  there  is  great  uncertainty,  and  danger  of  falling.  In 
severe  cases  the  patient  falls  after  a  few  steps. 

3.  The  stiffs  spastic  walk — caused  by  reflex  muscular  contrac- 
tions or  tension  associated  with  paresis  of  the  leg.  This  gives 
rise  to  a  very  peculiar  and  characteristic  walk  ;  the  legs  are 
somewhat  dragged,  the  feet  seem  to  cleave  to  the  ground,  the 
tips  of  the  feet  find  an  obstacle  in  every  inequality  of  the 
ground  ;  every  step  is  accompanied  by  a  peculiar  hopping  eleva- 
tion of  the  whole  body,  dependent  on  a  reflex  contraction  of 
the  calf ;  the  patient  immediately  gets  upon  his  toes,  and  slips 
forward  on  them,  showing  a  tendency  to  fall  forward.  The  legs 
are  close  together,  held  stiffly,  the  knees  somewhat  depressed 
forward,  the  upper  part  of  the  body  slightly  bent  forward. 
There  is  no  throwing  about  of  the  feet.  This  gait  depends  on 
muscular  tension  and  reflex  contractions  in  the  various  groups 
of  muscles,  which  are  set  in  activity  during  the  process  of  walk- 
ing. 

These  forms  may  be  more  or  less  distinct ;  there  occur  transi- 
tional forms  of  a  mixed  character ;  but  not  every  patient  with 
spinal  cord  disease  has  a  characteristic  gait. 

d.  Increase  of  Motility— Spasm. 

Motor  symptoms  of  irritation  are  among  the  commonest  of 
spinal  symptoms  ;  they  occur  in  a  great  variety  of  forms. 

The  simplest  form  is  without  doubt  the  so-called  muscular 
tension.  In  this  case  the  muscles  (which  are  usually  in  a  con- 
dition of  greater  or  less  paresis)  are  in  a  state  of  moderate  tension 
or  contracture,  which  makes  the  execution  of  passive  movements 
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quite  difficult.  This  tension  often  occurs  at  the  moment  when 
a  passive  movement  is  being  performed,  especially  if  it  is  done 
rather  quickly  ;  there  then  follows  a  jerking,  impulsive  resist- 
ance, which  enables  us  to  recognize  with  ease  the  slighter  forms 
of  the  disturbance.  The  voluntary  movements,  also,  are  more  or 
less  obstructed  and  clumsy,  are  performed  as  if  the  patient  were 
in  a  semi-fluid  medium,  and  require  the  expenditure  of  an  ab- 
normal amount  of  force. 

It  is  eas}'"  to  show  that  these  tensions  in  passive  motion  occur 
chiefly  in  the  muscles  which  are  stretched  and  pulled  on  by  the 
movement ;  thus,  in  passive  extension,  the  flexors,  and  mce  mrsa. 
The  tension  seems  here  to  be  reflex  in  character,  and  is  probably 
connected  with  the  abnormal  tendon-reflex  action,  to  be  men- 
tioned later. 

In  severer  cases  the  movements  grow  more  and  more  stiff, 
the  resistances  greater,  and  a  condition  may  finally  exist  which 
resembles  the  flexibilitas  cerea  of  catalepsy.  The  contraction  is 
not  always  equally  distributed  through  the  entire  muscle ;  in 
some  muscles  it  may  be  only  partial,  forming  knots  or  lumps. 

A  simple  exaggeration  of  this  state  doubtless  constitutes  what 
is  called  stiffness  of  the  muscles,  rigor.  The  muscles  are  stiff 
and  stark,  much  swollen,  and  firmly  resistant  to  the  touch  ;  on 
pressure,  they  are  usually  very  painful ;  both  active  and  pas- 
sive movements  are  extremely  difficult.  The  extensor  muscles 
are  usually  the  principal  ones  affected  ;  very  often  also  the  mus- 
cles of  the  nape  and  back  (torticollis). 

In  the  worst  cases,  decided  contractures  occur,  which  may  be 
limited  to  a  few  muscles  or  groups  of  muscles,  but  often  attack 
many  in  a  variety  of  places.  Sometimes  the  flexors,  and  some- 
times the  extensors  are  more  affected,  hence  the  difference  of 
posture  in  the  different  cases. 

I  do  not  now  refer  to  the  so-called  paralytic  contractures,' 
which  are  certainly  nothing  uncommon,  even  in  spinal  diseases, 
but  exclusively  to  neuropathic  contractures,  which  owe  their 
origin  to  abnormal  states  of  irritation  in  the  cord.  The  muscles 
are  much  shortened,  their  tendons  quite  prominent,  and  passive 


'  Vol.  XI.  p.  879. 


GENERAL  SYMPTOMATOLOGY. 


99 


movements  are  entirely  impracticable.  If  energetic  attempts  to 
perform  them  are  made,  vigorous  clonic  contractions  of  the 
muscles  manipulated  are  often  produced,  or  the  contracture  is 
increased,  leading  to  a  momentary  tetanic  stiffness  of  the  whole 
limb. 

It  would  be  very  difficult,  at  the  present  time,  to  refer  all 
these  conditions  of  irritation  to  pathological  changes  in  certain 
portions  of  the  cord.  But  there  is  no  doubt  that  there  are  two 
ways  in  which  muscular  tension  and  contractures  may  come  to 
pass ;  first,  a  reflex  origin  may  be  conceived,  which  is  doubtless 
the  chief  element  in  cases  where  sensory  phenomena  are  promi- 
nent, in  diseases  of  the  meninges,  the  posterior  roots,  the  poste- 
rior columns,  the  reflective  gray  matter,  etc. ;  such  reflex  mus- 
cular contractions  are  said  to  attack  by  preference  the  flexors. 

On  the  other  hand,  these  symptoms  may  originate  through 
direct  irritation  of  the  motor  parts  of  the  cord.  The  seat  and 
the  character  of  this  irritation  are  hardly  known  ;  a  direct  irrita- 
tion of  the  anterior  roots  is  possible  ;  according  to  Charcot's  later 
observations,  sclerosis  of  the  lateral  columns  is  a  very  common 
cause  of  such  motor  symptoms  of  irritation  ;  it  is  not  at  all 
known  how  far  the  gray  substance  might  produce  them.  In 
such  cases  of  direct  irritation,  at  least  in  the  lower  extremities, 
the  extensors  are  said  to  be  principally  affected. 

In  respect  to  the  exact  pathogenesis  of  these  motor  symptoms 
of  irritation,  we  know  only  this,  that  they  chiefly  occur  in  acute 
or  chronic  inflammatory  conditions  of  the  cord  and  its  mem- 
branes, in  the  various  forms  of  meningitis  and  myelitis,  in  many 
cases  of  multiple  sclerosis,  paraplegia  after  acute  sickness,  etc. 

We  know  still  less  about  one  of  the  severest  forms  of  spinal 
spasm,  namely,  tetanus,  and  its  pathogenesis.  This  is  a  power- 
ful tonic  spasm  of  almost  the  entire  muscular  system  ;  the  spasm 
occurs  in  paroxysms, which  are  brought  on,  or  increased,  by  reflex 
action,  but  continues  in  the  intervals  in  the  form  of  a  moderate 
degree  of  rigidity.  Tetanus  is  probably  caused  by  an  (inflam- 
matory or  toxic)  affection  of  the  gray  substance,  which  enor- 
mously increases  the  reflex  excitability.  A  like  condition  exists 
in  meningitis  spinalis.^ 
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The  attacks  of  so-called  tetany  have  a  remote  resemblance  to 
tetanus.  By  this  we  understand  attacks  of  tonic  spasms,  occur- 
ring in  regular  paroxysms,  and  affecting  the  extremities  chiefly. 
It  is  probably  of  spinal  origin.^ 

Among  the  forms  of  clonic  spasm,  in  spinal  disease,  tremor, 
In  the  first  place,  is  not  rare ;  either  permanent  or  transitory, 
accompanying  certain  movements,  following  exhaustion,  etc.  Its 
manner  of  origin  is  as  yet  quite  unknown  ;  one  is  naturally  in- 
clined to  refer  it  to  the  gray  substance. 

A  higher  degree  of  tremor  is  present  in  shaking,  which  accom- 
panies and  disturbs  all  voluntary  movements  in  multiple  spinal 
sclerosis ;  a  sort  of  greater  tremor,  which  begins  whenever  a 
voluntary  innervation  occurs,  and  may  perhaps  be  regarded  as  a 
very  severe  degree  of  ataxia,  although,  as  it  appears,  it  is  essen- 
tially distinct  from  the  latter.  We  have  not  yet  succeeded  in 
forming  an  exact  pathogenesis  of  this  S5''mptom  ;  and  we  may 
say  the  same  of  that  characteristic  form  of  tremor,  most  marked 
during  repose,  which  is  the  essential  feature  of  j9ar(2/?/5zs«^/^a7i*. 

Few  of  the  other  clonic  spasms  can  be  referred  with  probabil- 
ity to  the  cord ;  those  of  single  muscles,  or  groups  of  muscles, 
have  seldom  been  derived  from  the  cord,  and  general  convul- 
sions, as  occurring  in  epilepsy,  eclampsia,  urssmia,  etc.,  have 
commonly  been  ascribed  to  the  medulla  oblongata. 

A  few  special  cases  remain  to  be  described.  Among  these  is 
a  peculiar  form  of  clonic  spasm  in  the  lower  extremitj^,  which 
appears  in  various  lesions  of  the  cord,  and  runs  an  extremely 
characteristic  course.  In  its  lightest  form,  it  consists  of  that 
clonus  of  the  foot  and  lower  leg  which  appears  when  the  attempt 
is  made  to  bring  the  foot  quickly  into  dorsal  flexion  by  pressure 
upon  the  sole ;  a  rhythmic,  clonic  jerking  of  the  foot  begins,  which 
ceases  as  soon  as  the  foot  is  let  go  and  brought  back  into  plantar 
flexion.  I  have  demonstrated  that  this  symptom,  described  by 
Brown-Sequard  ^  and  Charcot,  most  probably  originates  in  tlie 
reflex  manner,  through  irritation  of  ^;he  tendo  Achillis.^   In  se- 
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verer  cases  a  very  slight  pressure  on  tlie  sole  or  the  toes  suffices 
to  produce  the  phenomenon  ;  for  which  reason  it  seems  often  to 
arise  spontaneously.  Then  the  spasm  extends  to  other  parts ; 
the  whole  leg  falls  to  trembling  convulsively,  and  the  other  leg- 
soon  does  the  like.  When  the  evil  is  at  its  worst,  any  irritation 
whatsoever,  originating  in  the  skin  or  the  intestines,  and  acting 
reliexly,  is  followed  by  a  tetanic  stiffness,  together  with  convul- 
sive tremor,  of  one  or  both  legs,  lasting  several  minutes.  This 
severest  degree  of  reflex  convulsion,  which  is  hardly  found 
except  in  entirely  palsied,  paraplegic  limbs,  is  what  Brown- 
Sequard  (loc.  cit.),  and  after  him  Charcot,'  have  rather  unsuita- 
bly termed  tonic  spinal  epilepsy.  This  phenomenon  is  especially 
observed  in  cases  of  compression  of  the  cord,  or  circumscript 
affections  of  its  entire  transverse  dimensions,  if  the  reflex  excita- 
bility is  also  much  increased  by  an  accompanying  state  of  irrita- 
tion. The  slighter  degrees  of  this  phenomenon  seem  also  to 
occur  in  sclerosis  of  the  lateral  columns,"  while  in  severer  cases 
we  should  always  think  of  an  implication  of  the  gray  substance. 

The  so-called  saltatory  spasms,  recently  described  by  Bamberger,  Guttmann,  and 
Frey,  would  seem  to  belong  to  this  category,  and  to  present  a  specially  marked 
modification  of  these  reflex  cramps. 

It  is  evident  at  a  glance  that  this  phenomenon  has  nothing 
whatever  to  do  with  epilepsy  proper.  But  doubtless  there  are 
certain  relations  between  epilepsy  and  spinal  disease,  which  we 
must  briefly  speak  of  in  this  place. 

Brown-Sequard  '  made  the  remarkable  discovery,  and  studied 
it  with  the  greatest  thoroughness,  that  in  guinea-pigs  and  other 
mammalia  epilepsy  appears  in  four  or  five  weeks  after  uni- 
lateral section  of  the  lumbar  or  dorsal  cord ;  an  attack  may  be 
produced  at  any  moment  by  irritating  an  epileptogenic  zone, 


'  Clinical  Lectures  on  Diseases  of  the  Nervous  System.  1872-3.  p.  21G. 

'  Ei-b,  Ueber  einen  wenig  bekannten  spinalen  Symptomencomplex.  BerL  klin. 
Wochenschr.  1875.  No.  20. 

='Compt.  rend,  de  la  Soc.  de  Biolog.  1850.  Vol.  II.;  Arch,  de  M6dic.  F«5vr.  1856; 
Researches  on  Epilepsy.  Boston,  1 850-57 ;  Lecturcn  on  Uic  Physiol,  and  Pathol,  of  the 
Central  Nervous  System.  Phila.  1800.  p.  178 ;  Arch,  de  Physiol,  norm,  et  path.  I.  1808. 
p.  817;  II.  1869.  pp.  211,  422,  490;  IV.  1872.  p.  116. 
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comprising  portions  of  the  region  of  distribution  of  the  trigemi- 
nus and  the  two  or  three  upper  cervical  nerves.  We  need  not 
give  all  the  details  of  Brow^n-Sequard's  experiments,  though 
they  are  extremely  interesting  ;  they  have,  at  all  events,  demon- 
strated a  fact  which  has  since  received  conlirmation  from  other 
sources,  namely,  that,  after  unilateral  injury  of  the  cord,  a  dis- 
eased condition  develops  in  a  few  weeks,  wliich  presents  an  un- 
mistakable likeness  to  epilepsy.  We  are,  however,  still  in  uncer- 
.  tainty  regarding  the  interior  relations  and  mechanism  of  these 
processes.  Brown- Sequard  found  also  that  section  of  one  sciatic 
nerve  produces,  after  a  few  weeks,  exactly  the  same  epileptiform 
accidents  as  the  section  of  the  cord.  Finally,  Westphal  ^  found 
that  simple  tapping  on  the  heads  of  guinea-pigs  would  give  rise 
to  an  exactly  identical  form  of  epilepsy  with  epileptogenic  zone, 
etc.;  he  found,  in  every  instance,  small  hemorrhages,  irregularly 
distributed,  in  the  medulla  oblongata  and  the  upper  part  of  the 
•  cervical  cord,  and  very  often  further  down,  even  in  the  dorsal 
cord.  Westphal  is  inclined  to  regard  the  hemorrhages  in  the 
cord  as  furnishing  the  cause  for  the  subsequent  development  of 
epilepsy. 

It  therefore  appears  to  be  proved  with  sufficient  certainty 
that,  in  animals  at  least,  certain  injuries  of  the  cord — as  small 
hemorrhages,  and  probably  other  lesions — are  capable  of  giving 
rise  to  epilepsy  in  a  manner  hitherto  unknown.  But  the  ques- 
tion whether  such  a  thing  occurs  in  the  human  subject  is  not  yet 
decided  with  certainty.  It  is  true  there  are  several  cases  in 
which  epilepsy  appeared  after  lesion  of  the  sciatic  nerve,  just  as 
in  animals ;  and  Leyden  ^  has  published  a  case  in  which  epilepsy 
occurred  after  an  injury  of  the  head,  and  which  seems  to  resem- 
ble Westphal' s  experiments  ;  but  in  the  case  of  diseases  or  inju- 
ries of  tlie  cord  the  demonstration  of  secondary  epilepsy  has 
been  much  less  clear.  Brown-Sequard  quotes  some  cases  from 
older  accounts,  which  he  believes  establish  this  point.  Charcot^ 
mentions  periodic  epileptic  attacks  among  the  symptoms  of  com- 

'  TJeber  kiinstl.  Erregung  von  Epilepsie  bei  Meerschweinchen.  BerL  klin.  Wochen- 
Bchr.  1871.  No.  38. 

'  Virchow's  Archiv.  Bd.  55. 

*  Le5ons  sur  lea  malad.  du  syst.  nerv.  II.  Ser.  2.  faso.  p.  137. 
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pression  of  the  spinal  cord,  and  cites  a  series  of  cases  in  proof  of 
it ;  a  case  by  Bumenil^  seems  especially  convincing;  andOppler*] 
lias  quite  lately  published  the  case  of  a  young,  powerful  soldier 
who  had  never  suffered  from  epileptic  spasms,  but  had  several 
attacks  during  the  convalescence  from  a  traumatic  spinal  menin- 
gitis. In  spite  of  this,  it  would  be  desirable  to  have  more  obser- 
vations upon  the  human  subject. 

Considering  the  very  great  frequency  of  lesions  of  the  cord, 
the  occurrence  of  epilepsy  as  caused  by  such  lesions  is  extremely 
rare,  and  therefore  of  little  practical  consequence.  It  would  be 
of  great  interest,  if  cases  should  be  observed,  to  demonstrate  the 
existence  of  an  epileptogenous  zone. 

A  less  common  series  of  spinal  symptoms  is  furnished  by  the  associated  move- 
ments, by  which  we  mean  involuntary,  often  spasmodic  actions,  which,  making 
their  appearance  when  any  voluntary  movements  are  to  be  executed,  complicate 
and  disturb  them.  The  region  of  their  origin  seems  to  be  usually  the  brain,  and 
especially  the  centres  of  co-ordination  in  the  brain.  No  doubt  many  symptoms  in 
diseases  of  the  cord  belong  to  this  class  ;  thus  we  cannot  altogether  refuse  to  regard 
the  atactic  movements,  the  shaking  in  local  sclerosis,  etc.,  as  associated  movements, 
although  they  are  decidedly  of  spinal  origin.  In  the  same  class  are  tlie  movements 
of  antagonists,  which  accompany  the  effort  to  innervate  palsied  or  jjaretic  muscles; 
these,  however,  are  not  a  true  spinal  symptom,  but  simply  express  the  fact  that  a 
large  number  of  muscles  receive  a  common  co-ordinated  innervation,  some  of  which 
have  become  insufficient  to  perform  their  functions,  thereby  permitting  the  action 
of  their  antagonists  to  appear  more  distinctly  ;  this  occurs  in  all  palsies.  It  is  not 
certain  to  our  mind  whether  the  siDasmodic  and  wholly  uncontrolled  movements 
which  often  occur  in  paraplegic  extremities  when  a  powerful  act  of  the  will  is 
directed  to  them,  are  to  be  considered  as  belonging  to  this  class.  They  seem  to 
depend  rather  on  an  abnormal  diffusion  of  the  process  of  excitation  among  the 
motor  paths,  when  pathologically  irritated — a  diffusion  which  might  be  explained 
by  reference  to  the  structure  of  the  nervous  network  in  the  inflamed  gray  substance, 
and  by  supposing  an  interruption  of  the  chief  paths  to  have  taken  place. 

Probably,  however,  a  part  is  owing  to  the  presence  of  reflex  actions,  the  stimu- 
lus to  which  originates  in  the  skin  of  the  palsied  parts,  under  the  influence  of  the 
motions  of  the  trunk  and  arms ;  this  symptom  is  almost  always  associated  with  an 
excessive  increase  of  reflex  excitability.  It  is  quite  certain  that  the  reflex  process  is 
concerned  in  those  tonic  or  clonic  contractions  of  paraplegic  legs,  which  are  often 


•  Gaz.  des  hopit.  1862.  p.  470. 

'  RuckenmarkscpUepsie  ?  Archiv  fiir  Psyohiatrie  u.  Nervenkrankheiten.  Bd.  IV.  p. 
784. 
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associated  with  the  act  of  evacuating  the  urine  or  faeces.  The  same  have  been 
observed  by  Freusberg  in  dogs  whose  spinal  cord  had  been  cut. 

It  is  hardly  necessary  to  repeat,  that  in  all  the  above  symp- 
toms of  motor  irritation  our  first  thought  should  be  of  an  affec- 
tion of  the  gray  substance  and  the  antero-lateral  columns.  We 
are  at  present  unable,  or  at  best  are  able  in  but  a  few  cases,  to 
define  the  point  where  the  implication  of  either  terminates,  or 
the  general  pathogenesis  of  the  spasms.  It  should  not  be  for- 
gotten that  an  affection  of  the  sensory  portions  of  the  cord  may 
give  rise  to  refiex  symptoms  of  spasm. 

e.  Alterations  in  the  Velocity  of  the  Motor  Conduction. 

Recent  observations  have  made  us  aware  that  this  class  of 
alterations  is  by  no  means  infrequent ;  but  at  present  they  have 
been  little  observed.  Retardation  of  the  motor  conduction^  long 
known  by  phj^siologists,  was  first  observed  under  pathological 
conditions  by  Leyden  and  von  Wittich,'  who  made  careful  esti- 
mates of  its  extent.  Their  three  cases,  however,  are  probably  not 
affections  of  the  spinal  cord  proper,  but  of  the  pons  and  medulla 
oblongata.  The  rate  of  conduction  was  reduced  to  one-third  of 
the  normal  speed,  and  in  correspondence  with  this,  the  move- 
ments of  locomotion,  speech,  and  so  forth,  were  greatly  retarded, 
and  the  patients  were  unable  to  execute  the  same  movement 
several  times  in  rapid  succession. 

The  principal  attention  was  directed  to  measuring  the  motor 
conduction  as  a  whole.  Burckhardt '  has  lately  undertaken  to 
measure  the  spinal  motor  conduction  alone,  by  the  aid  of  a  vari- 
ety of  physiological  methods,  and  has  reached  very  remarkable 
results.  He  found  that  under  normal  circumstances  the  spinal 
motor  conduction  takes  place  from  two  to  three  times  as  slowly 
as  the  peripheral,  and  he  suspects  that  the  reason  lies  in  the  in- 
tercalation of  ganglion  cells  in  the  motor  conductive  path.  But 
under  pathological  conditions  he  found  sometimes  an  accelera- 
tion of  spinal  conduction  (as  in  writers'  cramp,  in  spinal  palsy  of 


>  Virch.  Arch.  Bd.  46.  p.  476,  and  Bd.  55.  p.  1. 

*  Die  physiol.  Diagnostik  der  Nervenkrankheiten.  Leipzig.  1875. 
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children,  in  central  myelitis,  in  some  cases  of  tabes,  etc.),  and 
sometimes  a  more  or  less  considerable  retardation  (as  in  myelitis 
of  the  white  substance,  in  diffuse  sclerosis  of  the  cord,  in  certain 
cases  of  tabes,  etc.).  He  concludes  that  the  anatomical  basis  of 
central  retardation  probably  lies  in  the  white  substance,  and  that 
of  central  acceleration  in  the  gray.  Retardation  of  motor  con- 
duction in  the  cord  gives  ground,  therefore,  for  inferring  a  dis- 
ease of  the  white  substance,  and  acceleration  for  inferring  disease 
of  the  gray. 

It  scarcel}''  need  be  said  that  these  theories  are  greatly  in 
need  of  more  exact  establishment  and  elaboration. 

f.  Electric  Reaction  of  the  Motor  Apparatus. 

The  labors  of  Marshall  Hall,  Todd,  Duchenne,  and  others  gave 
rise  to  great  expectations  of  improvement  in  the  diagnosis  of 
spinal  diseases  through  the  use  of  electricity ;  but  these  expec- 
tations have  not  been  fulfilled. 

In  fact,  the  electrical  examination  seldom  gives  decisive  evi- 
dence, to  enable  ns  to  place  the  seat  of  a  disease  in  the  cord,  or 
brain,  or  peripheral  nerves  ;  this  can  be  done  only  under  special 
conditions.  In  many  cases,  however,  valuable  information  is 
given  as  to  the  state  of  nutrition  of  the  nerves  and  muscles,  and 
thereby  indirectly  as  to  the  nature  and  probable  location  of  the 
disease.  (Compare  the  full  statements  of  this  matter  made  in 
Vol.  XL,  p.  423  et  seq.) 

A  practically  useful  general  statement  of  the  changes  in  elec- 
trical excitability  which  occur  in  diseases  of  the  cord  cannot  be 
given  at  present ;  the  investigations  hitherto  made  are  few,  and 
not  free  from  objections.  The  most  frequent,  and  probably  the 
most  important,  forms  of  alteration — namely,  the  sliglit  quantita- 
tive changes  in  electrical  excitability — suffer  from  a  serious  want 
of  observations ;  the  results  have  in  almost  all  cases  been  ren- 
dered untrustworthy  by  defective  methods  of  investigation.  I 
have  shown  ^  the  method  which  should  be  observed  in  seeking 


'  Erb,  Zur  Lehre  von  der  Tetanie,  nebst  Bemerkungen  iiber  die  Prufung  der  elektr. 
Erregbarkeit  raotorischer  Nerven.  Arch.  £.  Psych,  und  Nervenkr.  IV.  p.  271. 
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(particularly  in  spinal  diseases)  for  certain  and  exact  results.  I 
give  here  a  few  points  briefly. 

In  diseases  of  the  spinal  cord  the  electrical  reaction  of  the 
nerves  and,  muscles,  under  the  faradic  and  galvanic  currents,  may 
be  increased  or  diminisTied ;  the  degree  of  alteration  is  usually 
slight.  The  diminution  may  amount  to  a  complete  extinction  of 
electrical  excitability,  but  this  is  usuall}^  preceded  by  the  change 
denominated  the  reaction  of  degeneration  (Entartungsreaction). 
Distinct  pathological  conclusions  cannot  be  dravs^n  at  present 
from  the  slighter  degrees  of  quantitative  change. 

The  reaction  of  degeneration  ^  is  by  no  means  rare ;  it  is  more 
frequent  than  has  been  supposed.  It  is  not  yet  known  whether 
it  takes  the  same  strongly-marked  course  as  in  traumatic  lesions 
of  peripheral  nerves ;  from  certain  observations,  which,  however, 
are  not  conclusive,  it  seems  to  me  that  the  increase  in  the  suscep- 
tibility to  galvanic  currents  is  not  quite  so  marked  as  in  peri- 
pheral palsies,  or  perhaps  that  it  passes  off  more  quickly.  It  is, 
however,  certain  that  the  qualitative  change  of  galvanic  excita- 
bility occurs  in  a  perfectly  characteristic  form,  with  a  contrac- 
tion at  anodic-closure  which  is  stronger  than  that  at  cathodic- 
closure  (AnSZ  >KaSZ),  and  with  a  sluggish  and  protracted  con- 
traction. 

The  inferences  we  are  permitted  to  make  in  respect  to  the 
histological  changes  in  nerves  and  muscles,  which  exhibit  such 
reactions,  are  the  same  that  may  be  made  in  peripheral  palsies. 
They  are  of  a  good  deal  of  importance,  and  the  changes  they 
indicate  are  of  the  most  striking  character.  By  patient  care  a 
great  number  of  facts  have  been  collected,  of  which  mention  will 
be  made  further  on,  and  in  the  special  portion  of  this  work  (see 
"Trophic  Disturbances"  and  the  chapter  on  "Spinal  Paralysis 
of  Children") ;  we  have  learnt  that  identical  histological  changes 
may  originate  from  direct  lesions  of  the  gray  substance  of  the 
anterior  cornua  (spinal  origin),  and  from  an  impediment  to  con- 
duction between  that  gray  substance  and  the  peripheral  parts 
(peripheral  origin).  When,  therefore,  in  a  disease  which  can  be 
demonstrated  to  be  of  spinal  origin,  we  find  the  reaction  of  degen- 


»  See  Volume  XI.  p.  437.  i 
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eration,  we  may  infer  a  lesion  of  certain  parts  (anterior  corrnia) 
of  the  gray  matter,  provided,  however,  that  a  peripheral  origin 
can  be  disproved.  On  the  other  hand,  when  the  electrical  exci- 
tability is  retained  in  its  normal  form  in  a  spinal  disease,  it  is 
allowable  to  infer  that  these  portions  of  the  anterior  gray  sub- 
stance are  not  involved  in  the  lesion.^ 

As  a  very  general  rule,  it  may  be  stated  that  the  results  of 
electrical  examination  cannot  safely  be  applied  to  the  diagnosis 
of  spinal  disease,  except  in  the  closest  connection  with  the  other 
symptoms. 

We  shall  give  a  more  detailed  presentation  of  the  known 
facts  in  connection  with  the  respective  diseases. 

3.  Disturl)ances  of  Reflex  Actimty. 

It  is  of  the  greatest  importance  to  test  the  reflex  activity  in 
spinal  diseases  ;  the  most  valuable  information  in  respect  to  the 
disease  may  often  be  thus  had. 

Diminution  or  suspension  of  the  reflex  actions  is  usually 
recognized  with  ease  ;  it  is  shown  by  the  partial  or  complete  fail- 
ure of  the  ordinary  means  of  stimulation,  as  applied  to  the  skin 
or  to  the  tendons  and  other  parts  from  which  we  expect  reflex 
results.  It  is  necessary  to  remember  that  many  persons  have 
normally  a  very  slight  reflex  reaction ;  but  this  will  be  easily 
recognized,  as  a  pathological  diminution  is  usually  limited  to  a 
portion  of  the  body. 

It  may  be  produced — • 

a.  By  disease  (arrest  of  conduction)  of  the  entering  sensory 
rootfibres  /  in  which  case  there  must  be  more  or  less  anaesthesia 
in  the  regions  supplied  by  these  root-fibres. 

h.  By  disease  (arrest  of  conduction)  of  the  departing  motor 
root-fibres  ;  in  which  case  there  must  be  a  more  or  less  complete 
paralysis  of  corresponding  extent. 

c.  By  disease  of  the  gray  substance  of  the  reflex  apparatus 
itself,  when  both  sensibility  and  motility  may  be  present,  or 

'  Compare  the  observations  of  Burckhardt  in  Physiolog.  Diagnostik  dor  Neryen- 
krankheiten.  pp.  204  and  270. 
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one  or  both  of  tliem  may  be  altered  to  a  greater  or  less  extent, 

according  to  the  extension  of  the  disease  in  the  gray  substance.  | 

Examples  of  all  these  forms  are  furnished  by  pathology.  ] 

d.  Finally,  it  is  permissible  to  entertain  the  case  of  reflex  | 

arrest^  in  accordance  with  known  physiological  facts  (see  above,  ! 
p.  51) ;  but  we  have  at  present  no  pathological  facts. 

The  decision  between  these  various  possibilities  will  be  facili-  : 

tated  by  an  exact  estimation  of  the  weight  of  each  element  in  the  j 

problem,  j 

A  retardation  of  reflex  actions  has  been  found  in  pathological  cases  under  the 
same  circumstances  as  retardation  of  sensory  conduction.  We  have  mentioned  this 
fact  previously  (p.  70).  j 

A  more  frequent  and  interesting  circumstance  is  the  increase 
of  reflex  actions. 

It  makes  its  first  and  its  most  conspicuous  appearance  in  the 

mluntary  muscles.    They  twitch  at  the  lightest  irritation ;  often  ' 

the  movements  are  slight  and  imperfect,  but  more  often  they  are  i 

very  powerful,  complete,  or  violent ;  the  legs  and  arms  are  tlirown  : 

about  forcibly  in  all  directions,  twitch  frequently,  or  enter  into  i 

a  clonic  tremor  or  a  fully  developed  tetanus ;  the  motions  are  , 

almost  always  unsuitable  and  disorderly ;  flexion  and  extension  : 

of  the  joints  alternate,  giving  rise  to  irregular  sprawling  move-  ! 

ments;  the  patient's  leg  can  often  be  placed  at  will  in  reflex  I 

extension  or  flexion  by  a  definite  localization  and  intensity  of  ; 
irritation;^  orderly  and  fitting  movements  are  rarer;  thus  Mc- 
Donnel  '■'  reports  that  a  patient,  who  suffered  with  compression 

of  the  cervical  cord,  continually  moved  his  paralyzed  left  hand  ! 

to  his  genitals  during  catheterization,  I 

Such  reflex  acts  are  usually  produced  with  most  ease  by  ir-  j 
ritating  the  sMn  ;  tickling,  pricking  and  pinching,  or  stroking  ; 
the  skin,  especially  that  of  the  soles,  the  inner  surface  of  the  ] 
thighs,  the  toes  and  fingers,  and  the  palm,  produce  them  ;  Pflue- 
ger's  law  of  extension  of  reflex  phenomena  can  often  be  con- 
firmed in  such  patients.  Reflex  acts  are  also  excited  from  the  i 
intestines  ;  in  certain  spinal  affections  nothing  is  more  common  , 

■  Vivchow,  Gesamrate  Abhandl.  p.  683. 

2  See  Virchow-Hirsch's  Jahresber.  1871.  Bd.  II.  p.  7, 

1 


GENERAL  SYMPTOMATOLOGY. 


109 


than  to  find  full,  powerful,  and  very  troublesome  reflex  actions 
taking  place  in  the  legs  during  evacuation  of  fseces  or  urine,  in 
consequence  of  colic  pains,  or  during  catheterization  ;  they  often 
continue  for  a  considerable  time  in  a  semi-rhythmic  manner.  The 
retiex  actions  which  originate  in  tendons,  fasciae,  and  articular 
ligaments  are  also  very  important.  We  have  given  above  (see  p. 
48  et  seq.)  a  brief  account  of  their  physiological  occurrence  ;  in 
pathological  cases  they  often  increase  to  such  a  degree  that  the 
lightest  tapping  on  the  tendons  leads  to  the  most  vigorous  jerk- 
ing ;  in  this  case  the  phenomenon  can  be  produced  from  many 
more  tendons  than  usual;  thus,  I  have  seen  them  originate  from 
the  ligamentum  patellae,  the  tendo  Achillis,  the  tendons  of  the 
adductors,  gracilis,  biceps  femoris,  tibialis  anticus  and  posticus  ; 
in  the  arm,  from  those  of  the  triceps,  supinator  longus,  radial  ex- 
tensors, flexors  of  the  fingers,  biceps,  flexor  radialis,  etc.  Their 
relation  to  the  reflex  actions  of  the  skin  is  very  variable  ;  some- 
times both  are  present  and  are  exaggerated,  sometimes  those  of 
the  tendons  are  absent  while  those  of  the  skin  are  present,  and 
sometimes  those  of  the  tendons  are  enormously  increased  while 
those  of  the  skin  are  normal  or  diminished.  These  circumstances 
are  probably  of  great  importance  in  a  diagnostic  point  of  view, 
but  this  requires  further  observation. 

The  class  of  tendon-reflexions  ought,  in  our  opinion,  to  in- 
clude a  reflex  phenomenon  which  has  long  ago  been  described 
by  French  authors  (Brown-Sequard,  Charcot,  Vulpian,  Dubois, 
and  others) — namely,  the  reflex  clonus  which  appears  in  the  foot 
and  lower  leg  wJien  the  foot  is  rapidly  hrouglit  into  dorsal  flexion 
hy  another  person.  If  the  fore-part  of  the  sole  is  vigorously 
pressed  up  with  the  flat  of  the  hand,  the  rhythmic  reflex  con- 
tractions of  the  calf  produce  a  clonic  tremor  of  the  foot,  which 
continues  as  long  as  the  pressure  on  the  sole  lasts,  and  ceases 
immediately  when  the  pressure  is  withdrawn  or  when  the  foot  is 
brought  energetically  into  plantar  flexion.  "When  the  reflex 
excitability  is  greatly  increased,  the  slightest  pressure  on  the 
sole  is  sufficient  to  set  in  motion  the  clonus ;  the  action  may 
extend  to  the  whole  leg,  and  even  to  the  other  leg ;  in  its  most 
violent  forms,  tetanic  rigidity  of  the  legs  alternates  with  convul- 
sive shaking,  and  we  have  the  phenomenon  described  by  Brown- 


110   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

Sequard  and  Charcot  as  spinal  epilepsy  (see  p.  101).  In  my  arti- 
cle on  Tendinous  Reflex  Actions'  I  have  attem]3ted  to  prove  that 
this  reflex  clonus  is  nothing  but  a  tendinous  reflexion,  produced 
by  the  sudden  tension  of  the  tendo  Achillis,  and  maintained  in  a 
very  simple  way  by  the  continued  pressure  against  the  foot.  I 
have  recently  succeeded  more  than  once  in  producing  just  the 
same  phenomenon  from  the  tendo  patellae,  and  have  observed  it 
in  the  b'iceps  femoris.  It  also  occurs  in  the  foot,  when  the  skin  is 
irritated,  if  the  excitability  is  very  much  exalted ;  I  have  ex- 
plained (p.  50)  the  mechanism  of  this.  It  cannot  be  denied  that 
the  phenomenon  may  possibly  be  produced  directly  from  the 
skin  in  many  cases  ;  but  we  require  more  convincing  proof  than 
Joifroy '  has  brought  forward. 

The  increase  in  reflex  activity  may  manifest  itself  in  the  in- 
testines and  the  Daso-motor  apparatus  ;  but  this  has  been  little 
studied  in  the  human  subject.  For  example,  I  have  observed 
in  paraplegic  patients  that  a  sudden  discharge  of  urine  can  be 
produced  by  external  pressure  upon  the  bladder,  or  by  introduc- 
ing the  finger  into  the  rectum  ;  I  have  also  seen  a  mucous  fluid 
evacuation  of  the  bowels  occur  regularly  upon  the  occasion  of 
dressing  and  cleansing  a  large  bed-sore  ;  I  also  have  seen  erections 
produced  by  irritation  of  the  skin  of  the  penis  or  perineum,  or 
by  introduction  of  a  catheter,  etc.  It  is  probable  that  a  closer 
inspection  will  frequently  discover  a  reflex  action  upon  the  cuta- 
neous vessels,  etc. 

This  excess  of  reflex  action  is  explained,  first  by  a  separation 
of  the  reflex  apparatus  from  the  brain,  which  puts  a  stop  to  the 
action  of  the  centres  of  inhibition.  In  fact,  the  highest  degree  of 
excess  is  found  in  all  those  affections  of  the  spinal  cord  which 
put  a  complete  stop  to  the  transmission  of  impressions  in  the 
cord ;  in  separation  or  compression,  in  circumscribed  transverse 
myelitis  or  softening,  in  tumors  or  cavities  of  the  cord,  etc.  It 
must  be  considered  an  indispensable  condition  for  the  production 
of  the  reflexions,  that  the  gray  substance  situated  below  the 
point  of  lesion  should  be  intact ;  and  it  is  not  strange  that  parts 


'  Arch.  f.  Psych,  u.  Nervenkr.  Bd.  V.  p.  792. 
*  Gaz.  med,  de  Paris.  1875.  Nos.  33,  35. 
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wliicli  have  retained  their  reflex  excitability  -usnally  possess  also 
their  electrical  excitability,  because  the  gray  substance  is  the 
essential  factor  in  the  conservation  of  the  nutrition  of  nerves  and 
muscles. 

The  second  cause  of  increased  reflex  action  is  the  increased  ex- 
citahiUty  of  the  gray  stcbstance — a  condition  which  may  certainly 
be  produced  by  inflammatory  and  other  irritative  conditions,  by 
many  sorts  of  disturbance  of  nutrition,  and  by  certain  poisons, 
as  strychnia,  opium,  belladonna,  etc.  The  greatest  increase  will 
be  found  when  both  these  causes  act  together,  as  in  the  case  of 
myelitis  from  compression,  or  when  strychnia  is  acting  on  the 
paraplegic  parts  ;  this  is  confirmed  by  daily  experience. 

Whether  an  increase  of  the  excitability  of  the  sensory  con- 
ductors (liypersestliesia),  or  of  the  motor  conductors  (convulsi- 
bility)  is  capable  by  itself  of  |)rodacing  an  increase  of  reflex  ac- 
tivity, is  a  point  which  requires  closer  examination,  but  is  not 
improbable  a  pr  iori. 

4.  Vaso-motor  Disturbances. 

These  are  very  frequent.  They  consist  of  the  two  conditions 
of  spasm  and  palsy  of  the  vessels,  with  the  consequences.  In 
view  of  the  complicated  mechanism  for  innervation  possessed  by 
the  vessels,  explained  on  page  42,  it  is  extremely  difiicult  to  inter- 
pret these  phenomena,  especially  as  there  are  many  others  to  be 
taken  into  consideration  along  with  them. 

The  following  appear  to  constitute  the  principal  facts : 
In  many  cases  local  hypercer)iia  and  Jlicxion,  increased  rea- 
ness,  and  elevation  of  temperature  occur  in  the  parts  affected 
(usually  paralyzed) ;  thus,  for  example,  in  complete  severance  or 
compression  of  the  cord,  of  acute  origin  ;  and  most  distinctly  of 
all,  in  unilateral  lesions,  where  the  difference  between  the  dis- 
eased and  the  well  side  is  very  striking.  If  the  lesion  is  entirely 
local,  and  the  vaso-motor  centres  situated  within  the  cord  are 
left  nearly  intact,  the  normal  condition  returns  after  a  short  time. 
In  such  cases  the  symptoms  of  vascular  paralysis  are  mostly 
temporary,  and  the  normal  condition  returns  after  some  weeks 
or  months  ;  while  at  a  later  time  paleness,  diminution  of  tempera- 
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ture  with  subjective  feeling  of  cold,  and  even  cyanosis,  are  very 
often  observed. 

In  other  cases,  especially  in  the  early  stages  of  tabes  or  mye- 
litis, before  any  symptoms  of  palsy  appear,  there  is  a  striJcing 
coldness,  great  paleness,  and  anaemia  of  the  lower  extremities, 
a  tendency  to  goose-skin,  the  subjective  feeling  of  icy  coldness  of 
the  feet  and  inability  to  warm  them  even  in  bed,  a  small  pulse, 
excessive  sensitiveness  to  the  impressions  of  cold,  etc.  It  can- 
not be  doubted  that  these  phenomena  are  due  to  conditions  of 
abnormal  excitability  of  the  vascular  nerves,  with  increased  con- 
traction and  excitability  of  the  vessels. 

Finally,  in  very  severe  or  old  cases  (usually  of  spinal  palsy) 
we  observe,  in  connection  with  the  subjective  and  objective  cold- 
ness of  the  parts,  a  marhed  limdity,  a  cyanotic  tinge  of  tlie  slcin, 
puffiness,  swollen  veins  and  capillaries,  slow  and  poor  circula- 
tion ;  in  this  case  there  evidently  exists  a  state  of  great  vascular 
atony,  and  a  more  or  less  distinct  venous  stagnation ;  the  arterial 
pressure  is  lessened,  the  venous  increased,  the  circulation  re- 
tarded. 

These  three  groups  of  vaso-motor  disturbances  may  be  natu- 
rally interpreted  by  what  we  know  of  the  laws  of  vascular  inner- 
vation. 

In  the  first  group — paralytic  hypersemia — we  should  recall 
the  hundreds  of  experiments  that  have  been  made  upon  section 
of  the  cord  ;  every  such  section  produces  paralytic  hypersemia  in 
the  parts  situated  behind  it.  Goltz  has  shown  how,  when  the 
spinal  centres  recover  themselves,  the  circulation  may  return  to 
nearly  its  normal  point ;  only  when  the  destruction  of  these 
centres  is  quite  extensive  (as  in  spinal  apoplexy,  hasmatomyeli- 
tis,  etc.)  will  the  fluxion  and  elevation  of  temperature  be  more 
permanent,  and  finally  result  in  atony  of  the  vessels. 

For  the  second  group  —  ischsemic  pallor  and  coldness  —  ab- 
normal excitement  of  the  vaso-motor  centres  and  conductors  is 
doubtless  responsible  ;  they  are  most  frequently  caused  by  chro- 
nic inflammatory  conditions  of  the  cord,  and  may  be  produced 
either  directly  or  reflexly. 

In  the  third  group  —  atonic  hypersemia  by  stagnation  —  it  is 
commonly  supposed  that  the  absence  of  muscular  action  in  the 
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palsied  limbs  produces  disturbances  of  tlie  venous  circulation, 
and  thence  gives  rise  to  tlie  other  symptoms.  It  may,  however, 
be  easily  seen  that  this  cyanosis  occurs  in  parts  which  are  not 
at  all  palsied,  and  may  be  absent  in  completely  palsied  regions. 
The  assigned  explanation,  therefore,  is  at  least  insufficient ;  the 
absence  of  muscular  contraction  may  favor  the  production  of 
atonic  hypersemia,  but  cannot  by  itself  produce  it.  It  seems  to 
us  that,  in  order  to  produce  such  results,  a  more  or  less  general 
palsy  of  the  vaso-motor  nerves  is  required,  such  as  is  produced 
either  by  destruction  of  the  vaso-motor  centres  in  the  gray  sub- 
stance, or  by  interruption  of  the  vaso-motor  conduction  in  the 
lateral  columns  or  the  anterior  roots.  The  longer  this  paralysis 
exists,  and  the  more  complete  it  becomes,  the  more  marked  will 
be  the  vascular  atony.  Spinal  palsy  of  children  (destruction  of 
the  vaso-motor  centres  in  the  gray  substance)  is  a  good  example 
of  the  former  case  ;  in  disease  of  the  lateral  columns  the  question 
has  not  been  fully  studied,  but  in  one  case  of  probable  sclerosis 
of  the  lateral  columns  I  have  observed  an  exquisite  development 
of  the  atonic  hypersemia  of  stagnation. 

Conditions  of  great  vascular  irritability  in  the  skin  are  oc- 
casionally observed ;  sudden  blushing  or  paling  of  certain  por- 
tions of  skin,  erythema  fugax,  etc.  They  appear  most  frequent 
in  association  with  mieningitic  conditions. 

It  therefore  appears  plainly  that  vaso-motor  disturbances 
may  afford  us  some  information  respecting  the  nature  of  the 
disturbances  in  the  cord,  but  enable  us  to  draw  no  certain  con- 
clusions respecting  its  exact  locality. 

5.  TropJdc  Disturdances. 

These  constitute  one  of  the  most  interesting,  and  also  one  of 
the  obscurest  symptoms  of  spinal  disease,  and  there  is  still  a 
great  deal  of  controversy  in  regard  to  their  interpretation.  We 
must  necessarily  speak  of  the  different  tissues  separately,  in  our 
enumeration  of  these  symptoms. 

The  trophic  disturbances  of  nerves  and  muscles  have  received 
great  attention,  especially  in  spinal  diseases ;  it  has  ver}^  lately 
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been  discovered  that  they  may  occur  apart  from  palsy,  becoming 
a  subsequent  cause  of  palsy,  as  in  the  typical  form  of  progres- 
sive muscular  atrophy. 

But  it  is  not  all  tlie  forms  of  spinal  paralysis  that  are  accom- 
panied by  considerable  trophic  disturbances  of  nerves  and  mus- 
cles. In  many  cases  the  nutrition  and  the  electrical  excitability 
of  these  parts  sulfer  not  the  slightest  change  ;  such  cases  are 
always  due  to  circumscribed  disease  of  the  entire  transverse  sec- 
tion of  the  cord,  or  a  disease  of  the  white  substance,  which  may 
be  of  great  extent.  The  affection  of  these  parts  seems,  therefore, 
to  have  nothing  to  do  with  the  nutrition  of  the  nerves  and  mus- 
cles ;  an  inference  which  is  certainly  correct  in  regard  to  the 
entire  posterior  columns  and  the  posterior  section  of  the  lateral 
columns,  but  is  still  doubtful  in  respect  to  the  portions  of  the 
anterior  columns  which  are  traversed  by  the  anterior  roots.  It 
seems  certain,  however,  that  in  all  cases  of  paraplegia  without 
atrophy  the  gray  substance — at  least  that  of  the  anterior  columns 
— ^is  not  altered  to  any  considerable  extent. 

There  are  also  cases  in  which  a  simple  atropJiy  of  tlie  muscles 
occurs,  which  may  make  great  progress,  and  may  even  emaciate 
the  legs  to  the  condition  of  a  skeleton  ;  the  histological  condition 
of  the  muscles  remaining  for  the  most  part  intact,  with  only  a 
diminution  of  the  breadth  of  the  fibres,  and  in  places  a  certain 
increase  of  interstitial  fatty  tissue,  but  without  a  trace  of  pro- 
liferation of  interstitial  connective  tissue,  of  multiplication  of  the 
nuclei  in  the  muscles,  etc.  In  correspondence  with  this  condi- 
tion, the  electrical  excitability  remains  entirely  intact,  with,  at 
the  most,  a  slight  quantitative  diminution,  and  the  reflex  actions 
are  mostly  present. 

This  form  of  atrophy  occurs  in  the  later  stages  of  tabes,  in 
many  cases  of  chronic  myelitis,  in  paralyses  due  to  compression 
from  vertebral  caries,  etc. ;  it  appears  most  frequently  to  attack 
persons  who  are  debilitated  or  weakly.  This  simple  atrophy  is 
commonly  referred  to  the  palsy,  the  long  -  continued  disuse  of 
the  parts,  but  we  are  not  content  with  this  explanation  in  all 
cases.  We  cannot  but  think  that  certain  distinct  changes  in  the 
spinal  cord  must  exist  before  this  form  of  atrophy  can  come  to 
pass.    At  all  events,  this  question  is  still  in  great  need  of  inves- 
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tigation,  both  in  its  histological  and  its  pathogenetic  relations. 
Our  present  knowledge  ot  it  is  extremely  small. 

The  same  is  true  to  a  certain  point  of  the  most  important 
form  of  disease  of  nutrition  in  nerve  and  muscle,  the  degenera- 
tive atrop/i  f/.  In  certain  spinal  affections,  this  is  developed  very 
quickly  and  in  a  strongly-marked  form.  Although  the  histologi- 
cal account  of  this  disease  is  in  many  respects  defective,  espe- 
cially in  the  earlier  stages,  yet  our  present  knowledge,  in  connec- 
tion with  the  results  of  electrical  examination  (which  invariably 
gives  the  "reaction  of  degeneration")  points  with  tolerable  cer- 
tainty to  the  conclusion  that  the  essential  histological  changes 
are  the  same  as  those  which  so  invariably  follow  severe  traumatic 
lesions  of  peripheral  nerves— fatty  degeneration  and  atrophy  of 
the  nerve-fibres,  simultaneously  with  proliferation  of  cells  and 
hyperplasia  in  the  neurilemma  ;  atrophy  with  increase  of  nuclei 
and  chemical  changes  in  the  muscular  fibres,  simultaneously  with 
proliferation  of  the  interstitial  connective  tissue  ;  and  in  the  last 
stages  excessive  loss  of  muscular  substance  and  transformation 
into  connective  tissue  with  secondary  deposition  of  fat.  We 
would  refer  the  reader  to  the  full  description  of  degenerative 
atrophy  of  the  nerves  and  muscles  given  in  Volume  XI.,  p.  411. 
We  are  convinced  that  the  changes  are  essentially  the  same  ;  it 
remains,  however,  to  be  decided  by  more  careful  examination 
whether  the  process  in  spinal  diseases  runs  its  course  with  the 
same  rapidity  and  intensity  as  in  traumatic  palsies,  and  whether 
there  are  not  certain  differences  in  degree,  which  require  further 
statement. 

This  degenerative  atrophy  occurs  regularly  in  the  so-called 
spinal  palsy  of  children  and  the  analogous  affection  of  adults  ;  it 
is  regularly  found  in  the  typical  form  of  progressive  muscular 
atrophy  (atrophie  muscul.  progress,  protopathique  of  Charcot) ; 
it  appears  to  occur  also  in  the  sclerose  laterale  amyotrophique 
described  by  Charcot,^  and  in  many  other  spinal  affections,  when- 
ever they  implicate  the  gray  substance  of  the  anterior  cornua. 

The  past  few  years  have  given  us  a  series  of  discoveries  in 
relation  to  the  spinal  palsy  of  children  and  progressive  muscular 


'  Legons  surles  maladies  du  systcime  nerveux.  II.  Ser.  3.  fascic.  p.  213  et  seq.  1874. 
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atropliy  (which  we  may  regard  as  types  of  the  spinal  affections  here 
considered),  which  indicate  a  great  improvement  in  our  knowledge 
of  the  trophic  functions  of  the  spinal  cord.  It  has  been  shown 
that  these  diseases  are  uniformly  associated  with  an  affection  of 
the  anterior  cornua,  in  the  former  case  acute,  in  the  latter  chronic, 
which  regularly  and  in  quite  a  peculiar  way  involves  the  great 
motor  ganglion  cells.  The  most  recent  observations,  without  ex- 
ception, state  this  point,  which  was  formerly  almost  always 
overlooked,  owing  to  defective  methods  of  examination.  It 
would  lead  us  too  far,  if  we  were  to  undertake  to  enumerate  and 
criticise  all  these  observations.  We  would  refer  to  the  memoirs, 
chiefly  published  in  the  Ai'chives  de  physiol.  norm,  et  pathol.,  by 
Charcot,  Joffroy,  Ha3''em,  Duchenne,  Vulpian,  Pierret,  Gombault, 
Troisier,  and  others,  and  the  experiments  of  Voisin  and  Hanot, 
Lockhart  Clarke,  Roger  and  Damaschino,  Roth,  and  others, 
Avhich  are  thoroughly  convincing.  These  observations  contain  in 
addition  a  series  of  facts  which  decidedly  refute  the  view  that  the 
affection  is  due  to  an  inflammation  conducted  from  the  primary 
focus  in  the  cord  to  the  nerves  and  muscles  ;  but  further  sj)ecial 
observations  on  this  point  are  desirable.  Observers  are  not 
agreed  as  to  whether  the  change  of  the  ganglion  cells  is  primar}'-, 
or  whether  it  is  the  consequence  of  an  interstitial  myelitis.  That, 
however,  is  a  subordinate  question,  as  concerning  the  object  of 
our  study.  It  appears  to  be  certain,  at  any  rate,  that  functional 
injury  or  destruction  of  these  great  ganglion  cells  of  the  anterior 
columns  is  most  closely  related  to  degenerative  atrophj^  of  the 
nerves  and  muscles. 

It  certainly  can  hardly  be  doubted  any  longer  that  the  trophic 
centres  for  the  motor  nerves  and  muscles  are  situated  within  the 
gray  substance  of  the  cord,  very  close  to  the  point  where  the 
anterior  roots  of  the  nerves  concerned  enter.  While  this  is  ren- 
dered exceedingly  probable  by  the  above  facts  of  local  destruc- 
tion of  the  anterior  cornua,  it  is  on  the  other  hand  strongly  suji- 
ported  by  the  fact  that  the  degenerative  atropli}'-  is  absent,  even 
in  cases  of  the  severest  spinal  paraplegia,  when  the  correspond- 
ing sections  of  the  gra}''  substance  are  intact.  Compare  upon  this 
point  two  cases  given  by  Burckhardfc.' 

'  Physiol.  Diaguostik  der  Nervenkraakh.  p.  2G4.  BeoL.  4o  und  46. 
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Of  the  nature  of  the  connection  between  these  trophic  centres 
and  the  peripheral  parts,  of  the  manner  in  which,  and  the  chan- 
nels through  which  tlieir  influence  is  distributed  from  tlie  one  to 
the  other,  we  are  ignorant ;  and  the  boldest  hypotheses  are  allow- 
able. Anatomy  and  physiology  are  not  informed  of  the  exist- 
ence of  proper  trophic  nerve-patlis  ;  but  of  those  who  write  upon 
the  subject,  one  party  regards  them  as  a  physiological  postulate, 
while  the  other  refers  the  transmission  of  trophic  influences  to 
the  motor  and  sensory  fibres.  I  have  attempted  to  show,'  by  the 
comparison  of  a  series  of  mutually  corroborative  cases,  that  the 
trophic  paths  cannot  be  fully  identical  with  the  motor.  Those 
facts  certainly  show  that  the  motor  and  the  trophic  paths  must 
be  distinct  at  some  points,  as  they  are  capable  of  being  diseased 
independently  of  each  other.  Such  separation  certainly  exists  in 
the  central  organ  ;  but  it  is  as  yet  doubtful  how  far  outwards  it 
extends — whether  motor  and  trophic  fibres  run  separately  as  far 
as  the  periphery,  or  whether  the  motor  fibres  are  also  capable  of 
conducting  the  excitation  from  the  trophic  centres.  Burck- 
hardt "  is  of  the  latter  opinion,  and  claims  for  the  great  ganglion 
cells  of  the  anterior  cornua  the  function  of  centres  of  nutrition 
for  the  motor  fibres  which  pass  from  them,  and  for  the  muscles. 
In  fact,  the  recent  investigations  into  the  structure  of  the  gan- 
glion cells  furnish  a  ready  and  plausible  form  for  conceiving  of 
the  double  or  manifold  functions  of  these  great  ganglion  cells. 
If  the  plan  wliich  Max  Schultze '  gives  of  the  fibrillary  structure 
of  the  ganglion  cells  is  correct  in  the  case  of  the  human  subject 
—  and  that  can  hardly  be  doubted  —  it  can  easily  be  conceived 
how  such  a  cell  may  form  the  point  of  union  of  fibrils  of  the 
greatest  variety  of  physiological  rank  (motor,  co-ordinatory, 
reflectory,  etc.),  which  unite,  in  part,  in  the  nerve-process,  and 
enter  the  anterior  roots.  While  thus  the  cell  serves  as  the  point 
of  union  for  these  various  fibres,  it  is  also  capable  of  acting  as  a 
trophic  centre  for  them,  and  of  sending  from  its  own  substance 
trophic  fibrils  to  the  anterior  root-fibres.    The  well-known  fibril- 

'  Ein  Fall  von  Bleilahmung.  Arch.  f.  Psych,  u.  Nerveukrankh.  Bd.  V.  1875. 
p.  445. 

Loc.  cit.  p.  271. 
'  Strieker's  Handb.  der  Gewebelehre.  p.  130. 
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lary  composition  of  tlie  axis-cylinder  would  even  permit  us  to 
dispense  with  the  hypothesis  of  trophic  nerve-fibres,  as  the  axis- 
cylinder  of  the  motor  nerve  may  easily  be  supposed  to  contain 
fibrils  of  very  various  physiological  functions.  We  will  not, 
however,  enter  too  far  into  the  field  of  purely  hypothetical  con- 
siderations. 

One  last  question  is  still  awaiting  a  decision — the  question 
whether  the  processes  of  degenerative  atrophy  should  be  referred 
to  an  irritation  or  a  palsy  of  the  trophic  central  apparatus. 
Charcot'  is  of  the  former  opinion,  thinking  that  irritation  of  the 
trophic  ganglion  cells  and  the  trophic  fibres  produces  degenera- 
tive atrophy,  while  simple  paralysis,  or  separation  of  the  cells 
from  the  peripheral  parts,  leaves  the  nutrition  of  the  latter  intact. 
He  bases  his  opinion  chiefly  upon  the  supposed  fact  that  crush- 
ing, inflammation,  and  similar  injuries  of  the  peripheral  nerves 
act  in  a  different  way  from  simple  section  ;  in  the  latter  case  the 
characteristic  histological  changes  being  supposed  not  to  occur. 
The  incorrectness  of  this  position  is  sufficiently  proved."  The 
processes  of  infantile  spinal  paralysis  also  render  this  assump- 
tion quite  impossible ;  for,  firstly,  the  initial  phenomena,  the 
complete  palsy,  etc.,  make  an  increase  of  the  activity  of  the 
ganglion  cells  very  improbable  ;  and  secondly,  the  complete  dis- 
appearance of  the  cells,  which  is  demonstrated  in  the  later  stages 
of  all  such  cases,  would  necessarily  (upon  Charcot's  theorj^)  re- 
sult in  repair  of  the  disturbances  of  nutrition,  so  that  the  nerves 
and  muscles  would  return  to  their  normal  state  —  which  is  the 
contrary  of  what  we  know  to  be  the  case.  We  are,  therefore, 
at  present  of  the  opinion  that  a  paralysis  or  destruction  of  the 
central  trophic  ap'paratus^  or  a  separation  from  the  peripheral 
parts,  produces  the  symptoms  of  degeneratim  atrophy.  This 
may  make  the  matter  harder  to  understand,  but  we  are  obliged 
to  take  the  facts  as  they  are. 

Upon  the  whole,  we  are  justified  by  the  present  state  of  our 
knowledge  in  assuming  a  disease  of  the  anterior  cornua  when  the 
electrical  examination  shows  the  existence  of  the  reaction  of  de- 

'  Leqons  sur  les  maladies  du  systeme  nerveux.    1872-3.  pp.  19,  33,  and  ch.  2. 
Erb,  Zur  Pathol,  und  pathol.  Anat.  peiipherer  Paralyse.  Deutsch.  Arch.  f.  klin. 
Med.  Bd.  V.  p.  53. 
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generation,  and  consequently  of  degenerative  atrophy  of  nerves 
and  muscles,  provided  the  disease  is  clearly  of  spinal  origin. 

It  is  well  knowa  that  an  iacreased  deposit  of  fat  in  the  interstitial  connective 
tissue  of  the  atrophied  muscles  is  not  rare  in  the  later  stages.  I  have  very  recently 
seen  a  case  of  palsy  from  spinal  apoplexy,  in  which  the  muscles  of  the  calf,  at  first 
atrophied,  became  by  degrees  excessive  in  size,  probably  from  deposition  of  fat, 
the  paralysis  continuing.'  Tliis  is  a  kind  of  j^seudo-hypertrophy  of  the  muscle.  But 
it  is  still  a  controverted  point  whether  the  peculiar  disease  known  by  this  name 
(also  atrophia  musculorum  lijjomatosa,  paralysie  mi;sculaire  pseudohypertroi^hique, 
etc.)  is  of  spinal  origin ;  Charcot,  Eulenburg,  and  Cohnheim  are  opposed  to  this 
view;  L.  Clarke,  O.  Barth,  and  others,  are  in  favor  of  it;  Friedreich  considers  the 
disease  as  a  mere  progressive  muscular  atroj^hy  modified  by  certain  peculiarities  of 
infancy ;  and  W.  Mueller  likewise  considers  the  lipomatosis  as  a  more  or  less  acci- 
dental complication  of  the  atrophy.  At  all  events,  we  must  wait  for  further  investi- 
gation of  the  matter. 

The  same  must  be  said  of  those  cases  of  true  muscular  hypertrophy — rare  at  pres- 
ent— which  have  been  found  sometimes  alone  (Auerbach,  Berger),  and  sometimes 
accompanied  by  progressive  muscular  atrophy  (Friedreich The  neurotic  origin 
of  these  cases  cannot  at  present  be  established.  They  should  not  be  confounded 
with  the  hypertrophy  from  use,  which  occurs  here  and  there  in  muscles  which  have 
had  to  do  double  duty  on  behalf  of  paralyzed  ones.  A  good  instance  of  this  is 
presented  by  the  left  sartorius,  in  the  case  described  by  me,  as  above  mentioned.^ 

Trophic  disturbances  in  the  structures  of  tlie  sMn  are  very 
common  in  spinal  disorders.  Those  of  the  epidermoid  structures 
are  of  subordinate  importance,  although  their  theoretic  interest 
is  considerable.  For  instance,  in  some  cases  of  spinal  palsy  an 
abnormal  growth  of  Jiair  *  has  been  observed.  Closely  associated 
with  other  disturbances  of  the  skin,  with  atrophy  of  the  muscles, 
etc.,  occur  decided  alterations  of  the  nails,  deformity,  increased 
curvature,  and  furrowing,  clubbed  swelling,  yellowish  or  brown- 
ish discoloration,  and  the  like.  The  changes  of  the  sMn  itself 
are  more  important.'    First,  and  not  infrequently,  eryfliematous 


'  Arch.  f.  Psych,  u.  Nervenkrankh.  Bd.  V.  Hefb  ;5.  p.  782. 

'  Ueber  progress.  Muskelatrophie,  ueber  wahre  imd  falsche  Muskelhypertrophie. 
Berlin.  1873.  Cap.  VI. 

2  Loo.  cit.  Bd.  V.  p.  780. 

^  Jelly,  Brit.  Med.  Jour.  1873.  June  14. 

'  Compare  in  particular  the  beautiful  account  given  by  Charcot  in  his  Clinical  Lec- 
tures. 
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spots  and  eruptions,  wliicli  may  appear  almost  anywhere,  and 
"usually  are  very  transient ;  then  lichenoid  or  papulous  eruj)- 
tions,  extending  over  greater  or  smaller  portions  of  the  skin, 
often  restricted  to  the  district  of  a  single  nerve  or  to  a  single 
limb ;  not  infrequently  wheals  of  urticaria,  of  greater  or  less 
size  and  extent,  usually  accompanied  by  violent  itching;  or 
lierpes  zoster,  in  its  characteristic  mode  of  appearance ;  and 
finally,  in  rare  cases,  pustule-formation,  related  to  pemphigus 
and  ecthyma,  and  usually  leading  to  ill-looking  and  badly-heal- 
ing ulcerations. 

Besides  these  alterations,  which  remind  us  of  the  appearances 
of  well-known  and  typical  diseases  of  the  skin,  there  occur  others 
of  a  more  diffuse  sort ;  uniform  thinning  of  the  skin,  abnormal 
smoothness  and  shining  look  of  the  epidermis,  connected  with 
more  or  less  livid  redness  ("glossy  skin") — changes  of  which 
we  have  spoken  in  Vol.  XI.,  p.  409,  under  Paralyses ;  on  the 
other  hand,  there  are  often  abnormal  thickening  and  swelling  of 
the  skin  and  subcutaneous  cellular  tissue,  not  seldom  connected 
with  oedema,  or  gradually  developed  from  it. 

Our  knowledge  of  the  theory  of  all  these  phenomena  and 
their  special  connection  with  the  spinal  cord  and  with  the  dis- 
eases of  certain  sections  of  it,  is  still  very  defective.  The  idea 
that  they  may  be  of  neurotic  origin  is  hardly  yet  familiar,  but 
fi'om  what  parts  they  may  originate,  and  how,  is  still  a  matter  for 
guesses  merely.  In  some  cases  they  are  usually  associated  with 
violent  sensory  phenomena  (the  lancinating  "pains  of  tabes,  etc.) ; 
hence  it  has  been  inferred  that  they  might  depend  on  an  irrita- 
tion of  trophic  fibres — a  position  which  is  strongly  supported  by 
the  manner  in  which  herpes  zoster  occurs  in  neuralgia  and  after 
neuritis  ;  on  the  other  hand,  it  is  not  to  be  denied  that  another 
group  of  these  phenomena  occurs  only  under  circumstances 
which  almost  conclusively  point  to  paralysis  of  the  trophic  paths. 
At  present  it  cannot  be  decided  with  certainty  what  special  part 
the  irritation  or  paralysis  of  trophic  fibres  takes  in  the  produc- 
tion of  cutaneous  changes. 

The  peripheral  channels  through  which  the  trophic  influence 
passes  to  the  skin  and  its  adnexa  appear  beyond  a  doubt  to  lie 
in  the  sensitive  nerves  ;  this  is  supported  by  a  large  number  of 
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unquestionable  facts.  But  it  is  still  doubtful  where  the  centres 
for  the  nutrition  of  the  cutaneous  structures  are  situated.  They 
appear,  at  all  events,  not  to  be  in  the  anterior  cornua ;  this  fol- 
lows from  our  experience  in  regard  to  the  spinal  paralysis  of 
cliildren.  And,  as  the  gray  substance  is  the  only  probable 
region,  there  remain  only  the  posterior  cornua,  or  the  spinal 
ganglia ;  the  latter  site  has  been  rendered  probable  by  many  facts, 
and  is  accepted  by  several  authors.  AVe  must  leave  it  for  the 
future  to  establish  the  influence  of  these  structures  upon  the 
nutrition  of  the  skin. 

By  far  the  most  important  trophic  disturbance  which  the  sMn 
experiences  in  spinal  disease  is  gangrene  from  "pressure  or  Ijed- 
sore.  Its  occurrence  is  a  sign  of  the  greatest  danger,  and  is  often 
decisive  of  the  prognosis.  In  practice  it  is  well  to  distinguish 
two  forms  :  the  one  is  acute,  is  caused  by  slight  irritation  or  brief 
pressure,  is  preceded  by  an  inliamnlatory  eruption,  appears  a 
few  days  after  the  beginning  of  the  central  lesion  and  leads 
rapidly  to  gangrenous  destruction  (decubitus  acutus  of  Samuel) ; 
the  other,  more  chronic  in  its  origin,  accompanies  the  later  course 
of  spinal  diseases,  is  chiefly  dependent  on  prolonged  pressure, 
and  takes  the  form  of  simple  gangrenous  death  of  the  skin  and 
the  subcutaneous  tissue  (decubitus  chronicus). 

Decubitus  acutus,  of  which  Charcot  (1.  c.)  has  given  a  very 
vivid  picture,  usually- begins  a  few  days  after  any  severe  spinal 
lesion  or  after  a  severe  exacerbation  of  a  spinal  disease,  and  is 
characterized  by  a  very  rapid  development.  Upon  a  portion  of 
skin  which  has  been  exposed  to  pressure  or  to  any  irritation 
(and  often  when  no  such  circumstance  has  occurred),  erythema- 
tous spots  appear,  which  are  soon  covered  with  vesicles,  the  con- 
tents of  which,  at  first  clear,  become  rapidly  brownish  or  reddish  ; 
under  favorable  circumstances  these  vesicles  may  dry  up,  and 
the  spot  recovers  without  further  change  ;  but  tliis  is  not  com- 
monly the  case ;  the  vesicles  burst  and  leave  ill-looking  ulcera- 
tions, the  basis  of  which  is  composed  of  the  skin,  infiltrated  with 
blood,  and  usually  in  a  state  of  phlegmonous  inflammation.  The 
base  of  the  ulcer  perishes  by  gangrene,  the  neighboring  skin  is 
infiltrated  with  blood,  and  inflamed  to  a  greater  and  greater  ex- 
tent, the  gangrenous  destruction  goes  deeper  and  deeper,  laying 
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bare  and  including  in  its  destructive  operations  tendons,  fasciae, 
ligaments,  and  bones. 

Tins  entire  cycle  of  processes  is  complete  in  a  few  days,  and 
cannot  be  avoided  by  any  care  or  cleanliness  ;  at  tlie  same  time, 
cystitis  and  hsematuria  are  sometimes  observed,  or  tlie  muscles 
become  the  prey  of  a  rapid  atrophy. 

The  consequences  of  such  extensive  gangrene  soon  appear ; 
violent  fever  with  severe  chills  and  great  variations  of  tempera- 
ture, a  septicsemic  condition,  purulent  infection,  gangrenous 
thrombosis  and  embolism  occur,  and  the  fatal  result  is  preceded 
by  a  general  marasmus ;  or  the  gangrene  extends  still  further 
into  the  interior  of  the  vertebral  canal,  when  a  purulent  or  icho- 
rous meningitis,  rapidly  ascending  to  the  cranium,  soon  closes 
the  painful  scene. 

Simple  clironic  deciCbitus  usually  originates  in  a  somewhat 
different  way.  In  chronic  diseases  of  the  spinal  cord,  in  para- 
plegias, there  is  seen  a  diffuse  dark  redness  of  the  portions  which 
are  most  pressed  upon  in  sitting  or  lying ;  often  mingled  with 
superficial  ulcerations.  Some  day  there  aj^pears  upon  this  red- 
dened portion  of  skin  a  black  spot,  which  rapidly  enlarges  if  the 
pressure  is  continued.  The  skin  dries  to  a  black  leathery  mass, 
around  which  a  bounding  line  of  inflammation  soon  appears, 
which  under  j)roper  treatment  leads  to  a  throwing  off  of  the  gan- 
grenous layer,  and  cleaning  up  of  its  base,  with  the  formation  of 
granulations.  But  if  the  pressure  is  continued,  the  ulcerated 
surface  assumes  a  bad,  unwholesome  color  from  infiltration  with 
blood,  the  inflammation  assumes  an  appearance  more  like  that 
of  a  phlegmon,  and  the  gangrene  may  spread  rapidly,  deeply,  and 
cause  horrible  destruction.  And  then  the  symptoms  above 
named  as  characteristic  of  acute  decubitus  appear  and  soon  put 
an  end  to  the  patient' s  life. 

This  form  of  gangrene  may  occur  at  any  place  which  is 
exposed  to  a  continued  pressure,  but  is  far  the  most  common  on 
the  coccyx  and  buttocks,  next  over  the  trochanters  and  ischiatic 
protuberances,  heels,  and  knees,  the  spinous  processes  of  the 
vertebrae,  the  shoulder-blades,  elbows,  etc.  In  severe  cases  of 
this  sort,  the  patient,  with  his  numerous  large  sores,  presents  the 
very  picture  of  wretchedness.    Nor  is  the  end  of  this  misery 
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always  speedy  ;  if  attention  and  care  be  given,  the  sores  often 
clean  up,  good  granulations  appear ;  but  the  tendency  to  heal  is 
very  slight,  and  it  is  a  desperate  while  before  cicatrization  occurs. 
I  have  seen  a  patient,  who  had  nine  large  bed-sores  and  several 
small  ones,  linger  along  for  over  a  year  under  faithful  care. 
Though  some  places  may  cicatrize,  a  new  sore  will  appear  here 
or  there ;  the  occurrence  of  bed-sores,  therefore,  unless  they 
improve  rapidly  and  considerably,  must  always  be  considered  a 
very  bad  omen  for  the  patient.  The  occurrence  of  acute  decubi- 
tus renders  the  prognosis  extremely  bad  in  all  cases. 

Very  various  accounts  are  given  of  the  way  in  which  bed-sores 
originate. 

Continuous  pressure  is  commonly  thought  to  be  the  chief 
cause  of  the  bed-sore  ;  its  action  is  supposed  to  be  considerably 
favored  by  the  complete  immobility  of  paralyzed  patients,  by  the 
absence  of  sensation  in  some  others,  by  the  filth  from  the  bladder 
and  rectum  which  is  liable  to  accumulate ;  the  more  of  these 
causes  are  present,  the  more  confidently  is  the  occurrence  of  bed- 
sores expected. 

In  fact,  we  may  count  with  certainty  on  the  appearance  of 
bed-sores  when  all  these  causes  coincide.  But  this  by  no  means 
proves  that  the  sores  are  due  to  such  causes.  In  acute  myelitis 
of  the  anterior  columns  (spinal  paralysis  of  children,  etc.),  in 
many  forms  of  hysterical  palsy,  in  fractures  of  the  thigh,  and 
similar  cases,  we  find  abundant  proof  that  long-continued  pres- 
sure, pals3^,  etc.,  are  not  by  themselves  adequate  to  produce  bed- 
sores. Charcot  has  seen  decubitus  acutus  occur,  even  when  all 
pressure  and  all  befouling  of  the  person  was  avoided. 

It  seems  therefore  absolutely  necessary  to  seek  for  another 
explanation.  The  vaso-motor  paralysis,  which  is  commonly 
present,  and  the  anaesthesia,  have  been  thought  of  ;  but  it  is  easy 
to  prove  that  this  view  is  incorrect,  and  that  both  these  circum- 
stances act  only  as  facilitating  the  action  of  pressure,  which  itself 
is  not  the  essential  element  in  the  production  of  bed-sores. 

It  is  manifest  that  there  must  be  some  y&vj  special  changes  in 
the  nervous  system,  special  influences  added  or  subtracted,  in 
order  to  produce  such  fearful  gangrenous  destruction  in  patients 
whose  general  health  is  good,  and  the  action  of  their  hearts 
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vigorous.  Such  influences  may  most  properly  be  called  trophic. 
In  chronic  decubitus  we  may  assume  that  the  trophic  disturb- 
ances cause  a  diminished  power  of  resistance,  a  lessened  vital 
turgor,  on  the  part  of  the  skin,  which,  in  connection  with  the 
weakness  of  the  circulation  caused  by  the  vaso-motor  paralysis, 
probably  explains  the  gangrene  of  pressure  ;  as  to  acute  decubi- 
tus, Charcot  believes  that  he  has  proved  that  it  is  caused  by  a 
"violent  irritation  of  a  more  or  less  extensive  district  of  the 
spinal  cord." 

Acute  decubitus  is  found  associated  chiefly  with  severe  trau- 
matic lesions  of  the  cord  (compression  and  destruction  en  masse 
by  fractures  of  the  vertebrae,  etc.),  in  acute  myelitis,  hsematomy- 
elia,  and  the  like ;  it  has  also  been  observed  in  unilateral  trau- 
matic lesions  of  the  cord,  upon  the  anaesthetic  side  only,  not  on 
the  paralyzed  side.  Chronic  decubitus  is  found  in  chronic  myeli- 
tis transversa  (affecting  the  cord  diametrally),  in  the  last  stages 
of  tabes,  in  paraplegise  of  slow  origin,  and  similarly  also  in  peri- 
pheral palsies  in  the  district  of  the  cauda  equina.  If  the  latter 
originate  acutely,  e.  g.,  by  fracture  of  the  sacrum,  they  may 
themselves  be  followed  by  acute  decubitus. 

It  seems  to  us  that  the  one  element  which  the  above  affections 
share  in  common  is  rather  the  destruction  and  paralysis  of  cer- 
tain parts  than  their  ii-ritation,  and  we  think  it  most  probable 
that  the  chief  cause  of  the  decubitus  in  spinal  affections  is  the 
paralysis  of  certain  trophic  centres  in  the  cord,  or  their  severance 
from  the  peripheral  parts ;  in  certain  cases  of  acute  decubitus, 
however,  it  is  not  yet  proved  that  the  disease  does  not  originate 
in  irritation. 

The  exact  location  of  these  trophic  centres  is  as  little  known 
to  us  as  is  the  way  in  which  they  exercise  their  trophic  influence 
upon  the  skin.  Many  things  render  it  probable  that  tlie}^  are  to 
be  found  in  the  gray  substance,  especially  in  the  central  portions 
and  the  posterior  cornua,  and  that  the  paths  which  begin  in 
these  parts  are  situated  in  the  posterior  roots.  Observations  of 
unilateral  lesion  of  the  cord  have  also  made  it  probable  that  the 
trophic  flbres  for  the  skin  decussate  in  the  cord  like  the  sensory 
fibres.  The  relations  of  the  spinal  ganglia  to  these  processes  are 
not  clear. 
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The  conclusions  in  regard  to  tlie  seat  and  nature  of  the  spinal 
affection,  which  are  to  be  drawn  from  the  occurrence  of  bed- 
sores, are  obvious. 

The  hones  often  undergo  troj^hic  disturbances  in  spinal  dis- 
ease. One  of  the  commonest  symptoms  in  the  spinal  paralysis 
of  children  is  arrest  of  groioth  of  hones.  The  bones  of  the-ex- 
treniities  remain  short  and  small,  the  limbs  are  shortened,  the 
pelvis  displaced,  and  the  spinal  cord  in  consequence  curved.  If 
a  series  of  cases  be  compared,  it  will  plainly  appear  that  this 
impairment  of  growth  is  not  always  proportional  to  the  muscular 
atrophy  or  the  degree  of  palsy  ;  it  is  to  a  certain  extent  indepen- 
dent of  these  circumstances,  and  in  such  cases  the  paralysis  and 
muscular  atrophy  may  be  the  chief  feature  in  one  limb,  and  the 
atrophy  of  the  bone  in  the  other. 

In  other  cases,  on  the  contrary,  a  sioelling,  thickening,  hy- 
pertrophy of  the  hones  is  observed  ;  they  become  heavier,  and  are 
often  greatly  enlarged,  especially  at  the  joints.  This  condition 
may  coexist  with  pseudo-hypertrophy  of  the  muscles,  or  with 
degenerative  atrophy.  A  closer  examination,  however,  shows 
that  in  all  such  cases  the  essential  element  is  a  hyperplasia  of 
connective  substance,  both  in  the  bone-tissue  and  in  the  muscles. 

An  abnormal  hrittleness  of  the  hones  has  been  observed  in 
very  rare  cases. 

There  can  be  no  doubt  that  the  majority  of  these  changes 
depend  on  disturbances  of  the  nervous  system.  The  facts  of 
infantile  spinal  paralysis  render  it  almost  certain  that  the  trophic 
centres  for  bones  are  in  the  anterior  cornua,  but  that  they  are 
certainly  not  identical  with  those  for  the  muscles.  Further 
exact  study  of  these  conditions  is  needed. 

Especial  attention  has  been  lately  given  to  the  trophic  dis- 
turbances of  the  Joints,  which  occur  in  many  spinal  diseases,  and 
are  very  interesting. 

It  is  very  common,  both  in  spinal  and  peripheral  palsies,  to 
find  slight  swelling,  stiffness,  a  little  pain,  and  a  moderate 
amount  of  ankylosis  of  the  joints.  This  is  probably  due  in  part 
to  long  disuse,  and  occurs  in  like  manner  after  the  long  wearing 
of  a  plaster  of -Paris  bandage,  but  it  is  partly,  no  doubt,  of  ner- 
vous origin. 
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Cliarcot' s  admirable  researches '  have  very  recently  placed 
before  us  an  extremely  characteristic  affection  of  the  joints,  of 
manifestly  nervous  origin,  chiefly  associated  with  tabes  ;  its  char- 
acteristic symptoms  are  an  abundant  serous  discharge,  wasting 
of  the  cartilages  and  bones,  subluxations,  and  the  like.  This  is 
the  so-called  spinal  artJiropathy  of  tabes. 

This  affection  of  the  joints  is  very  strikingly  different  from 
the  ordinary  spontaneous  inflammations  of  a  rheumatic  or  trau- 
matic origin.  It  much  prefers  the  knee-joint ;  after  that,  in 
diminishing  frequency,  the  shoulder,  elbow,  liip,  and  wrist  joints. 
It  begins,  usually  suddenly  and  unexpectedly,  without  any  ex- 
ternal cause,  and  its  first  symptom  is  a  large  diffuse  swelling  of 
the  joint,  caused  by  an  abundant  exudation  of  serous  fluid  in 
its  cavity ;  fever,  redness,  and  pain  are  usually  altogether  want- 
ing. The  adjoining  parts  are  always  considerably  swollen,  which 
often  extends  to  nearly  the  entire  extremity.  This  swelling  is 
partly  edematous,  and  partly  of  a  harder  nature.  It  usually 
disappears  in  a  few  days  and  the  articular  effusion  likewise, 
after  which  the  ends  of  the  bones  come  in  contact,  are  worn 
away  and  their  cartilages  and  ligaments  destroyed ;  these 
changes  are  indicated  by  a  good  deal  of  cracking  and  rubbing 
noise  in  the  joint.  Deformities  of  the  joints  are  the  result — sub- 
luxations, loose  joints,  and  the  like.  This  may  continue  for 
months  or  years  and  then  disappear,  but  usually  the  changes 
which  result  are  incurable. 

These  advanced  stages,  when  examined  anatomically,  exhibit 
the  marks  of  arthritis  sicca,  but  with  this  distinction :  that  the 
erosion  of  the  articular  extremities  is  considerably  greater  than 
the  growth  of  new  bone. 

This  arthropathy  is  most  common  in  the  early  stages  of  tabes, 
and  chiefly  in  the  preliminary  period,  before  the  atactic  disturb- 
ances of  motion  have  appeared,  and  when  the  lancinating  pains 
constitute  the  chief  feature  of  the  complaint.  It  has,  however, 
been  observed  in  the  same,  or  nearly  the  same,  form  in  compres- 

'  Cf.  Charcot,  Arch,  de  Physiol.  I.  1868;  IL  1869;  III.  1870  (with  Joffroy);  and 
Clinical  Lectures  on  Diseases  of  the  Nervous  System.  I.  and  II.  series. — Bali,  Gaz.  des 
Hop.  1868  and  1869. — Buzzard,  Lancet.  1874.  Aug.  22. —  Weir  Mitcliell,  Amei.  Joum. 
Med.  Sci.  April.  1875.  p.  339.  — See  also  below,  section  on  Tabes  Dorsalis. 
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sion  of  the  cord  from  vertebral  disease,  in  acute  myelitis,  progres- 
sive muscular  atrophy,  traumatic  unilateral  lesion  of  the  cord 
(on  the  palsied  side),  etc. 

It  can  hardly  be  doubted  that  this  arthropathy  depends  on 
disturbances  of  the  nervous  system.  Charcot  has  supposed  that 
they  were  referable  to  a  pathological  irritation  of  central  trophic 
apparatus,  and  has,  in  fact,  found  in  autopsies  of  tabetic  patients 
suffering  from  this  arthropathy,  an  atrophy  of  corresponding 
portions  of  the  gray  anterior  pillars  and  disappearance  of  their 
ganglion  cells.  But  in  a  later  case  he  has  failed  to  find  this 
lesion,  in  spite  of  careful  search,  which  discovered  marked  altera- 
tions in  the  spinal  ganglia.  Further  examination  is  therefore 
needed  to  decide  this  difficult  question.  The  rarity  of  the  arthro- 
pathy in  spinal  palsy  of  children,  and  its  close  connection  with 
tabes,  certainly  require  of  us  great  care  in  forming  an  opinion. 

Of  trophic  disturbances  of  the  intestines  in  spinal  disease  we 
know  little,  and  this  little  will  be  set  down  under  the  proper 
heads  hereafter. 

.  3<WEST-RH)!Nr 

irlEDIGO-CHIRURCICAL  .  ... 

The  general  nutrition^  in  most  spinal  diseases,  suffers  only  in 
very  exceptional  conditions,  or  when  the  duration  is  very  pro- 
tracted. It  is  not  rare  to  see  a  spinal  patient  in  the  most  hope- 
less case — paraplegic,  or  excessively  atactic — confined  to  his  bed 
or  the  wheeled  chair,  who  nevertheless  looks  very  well  in  com- 
plexion, is  muscular  and  plump,  has  a  good  appetite  and  diges- 
tion, and  for  years  and  tens  of  years  enjoys  a  tolerable  existence. 
In  other  cases  the  nutrition  fails  fast,  the  general  health  is  much 
impaired,  the  patient  sinks  rapidly  into  marasmus.  The  causes 
of  this  loss  of  health  are  as  follows:  continued  rest,  want  of 
motion  and  fresh  air,  poor  digestion,  severe  pain  which  takes  away 
sleep,  fever,  malignant  new-formations,  and,  above  all,  cystitis 
and  bed-sores.  We  shall  see  in  the  course  of  this  account  that 
these  causes  are  very  frequent,  and  accompany  all  sorts  of  spinal 
disease. 

The  state  of  the  general  hodily  temperature,  and  the  fever  of  spinal  diseases,  may 
here  be  mentioned.  The  local  changes  of  temperature,  limited  to  single  extremities 
or  parts  of  bodies,  are  accounted  for  by  the  vaso-motor  disturbances 
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Inflammations  of  the  cord  are  accompanied  by  fever,  like  those  of  the  other 
organs.  Its  type  and  course  will  be  descriljcd  under  the  several  diseases  of  the 
cord,  as  acute  meningitis,  acute  myelitis,  acute  spinal  jjaralysis,  paralysis  ascendens 
acuta,  etc.  Fever  also  occurs  in  consequence  of  many  complications  of  spinal  dis- 
ease, as  in  gangrenous  bed-sore,  etc.    This  is  of  subordinate  importance  at  present. 

On  the  other  hand,  the  often  enormous  rise  of  temperature  which  accompanies 
or  closes  many  severe  spinal  diseases,  and  which  is  of  great  theoretic  interest, 
deserves  a  brief  mention  here.  This  phenomenon  is  commonly  ascribed  to  the 
*'  neuroparalytic  agony,"  and  has  been  frequently  observed  and  several  times  criti- 
cally described  in  severe  disease  of  the  various  parts  of  the  nervous  system,  espe- 
cially in  severe  lesions  of  the  cord.' 

The  chief  interest  for  us  lies  in  those  cases  where,  after  crushing  and  injury  of 
the  cervical  medulla,  the  bodily  temperature  continued  to  rise,  and  finally  reached 
an  enormous  height  (42.9-44.0°  C.=109°  to  111.3°  Fahr.),  followed  by  death.  The 
first  case  of  this  kind  was  observed  by  Brodie ;  other  similar  ones  are  given  by 
Billi'oth,  Simon,  Quincke,  Fischer,  and  others.  Unusually  high  temperatures  have 
also  been  observed  in  the  agony  of  tetanus  (Wunderlich),  of  meningitis  cerebro- 
spinalis  (Erb),  etc.  Very  lately,  J.  W.  Teale-  has  ijublished  a  case  of  spinal 
disease,  perhaps  inflammatory,  caused  by  an  injury,  in  which  the  axillary  tem^jer- 
ature  several  times  reached  the  incredible  height  of  over  50°  C.  (122°  F.)  ;  the  case 
nevertheless  recovered. 

With  a  view  to  explaining  the  connection  between  this  rise  of  temperature  and 
the  spinal  lesion,  various  experimental  observations  have  been  made  which,  how- 
ever, have  not  yet  furnished  conclusive  results.  It  has  been  found  that  section  of 
the  dorsal  cord  produced  a  depression,  while  section  of  the  cervical  cord  in  the 
neighborhood  of  the  pons  produced  a  considerable  rise  of  temperature  (Tscheschi- 
chin) ;  that  crushing  of  the  cervical  cord  uniformly  raised  the  temperature,  if  pe- 
ripheral cooling  was  prevented  by  suitable  measures  (Naunyn  and  Quincke) ;  and 
finally,  that  an  injury  of  the  cervical  cord  produces  no  rise  of  temj^erature,  provided 
the  anterior  columns  are  spared  (Fischer). 

It  would  lead  us  too  far,  to  attempt  to  give  the  conclusions  drawn  from  these  ex- 
periments in  respect  to  the  exciting  and  moderating  influence  of  the  spinal  cord  upon 
the  development  of  heat.  In  doing  it  we  should  have  to  enter  upon  the  theory  of 
fever,  which  is  confessedly  one  of  the  most  difiicult  parts  of  general  pathology. 


'  For  further  information  see  the  following :  Wunderlich,  Archiv  der  Heilkunde.  11. 
p.  547;  and  III.  p.  ns.— Brodie,  Med.  Chir.  Trans.  1837.  p.  416.— Billroth,  Beo- 
bachtungsstudien  iiber  Wuudfieber.  1862.  p.  158.— Erb,  Deutsches  Archiv  f .  klin.  Med. 
I.  p.  175.  1SG5.—Tsc7ieschic7iin,  Eeichert  und  Du  Bois'  Archiv.  186G.  p.  170.— Ifavnyii 
and  Qui?icke,  Reichert  und  Du  Bois'  Archiv.  1809.  pp.  174  and  ri21.— Quincke,  Berl. 
klin.  Wochenschr.  1809.  No.  29.—//  Fischer,  Centralbl.  f.  d.  med.  Wissensch.  1809. 
No.  17.— i2.  Ueidenliain,  Pflueger's  Archiv.  1870.  p.  578.— Biegcl,  Ibid.  Bd.  V.  1872. 
p.  &29.—Ifaunyn  and  Duhczansld,  Arch.  f.  exper.  Path.  u.  Pharmak.  I. 

■■'  Lancet,  1875,  March  6,  p.  340  (Clinical  Society  of  London). 
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For  the  present  it  seems  to  us  most  natural  to  assume,  -with  Naunyn  and  Quincke, 
tliat  in  tliese  experimental  lesions  of  the  cervical  cord,  as  well  as  in  those  of  a 
patliologicul  nature,  tliere  is  a  paralysis  of  certain  paths  which  serve  to  restrict  the 
production  of  heat.  At  tlie  same  time,  however,  an  extensive  vascular  paralysis 
takes  place,  whereby  an  increased  amount  of  heat  is  given  off,  which  more  or  less 
compensates  for  tlie  increased  production.  According  to  the  preponderance  of  one 
or  the  otlier  factor,  the  rise  of  temperature  will  be  more  or  less  considerable,  or  may 
be  absent  or  even  a  minus  quantity.  Here  much  plainly  depends  on  accidental 
external  circumstances  (temperature  of  the  air,  covering  of  the  body,  proportion  of 
surface  to  weight  of  body,  etc.)-  It  is  found,  however,  that  an  increase  of  the  bodily 
temperature  is  most  prominent  in  lesions  of  the  cervical  cord.  The  whole  question 
deserves  a  fresh  investigation,  in  view  of  the  recent  discoveries  of  Goltz  respecting 
the  vaso-motor  centres  in  the  cord. 

The  experiments  cited  have  shown  that  in  cases  of  section  of  the  cord  a  lowmng 
of  temperature  often  occurs,  especially  where  the  effect  of  the  vaso-motor  paralysis 
is  chiefly  directed  to  tlie  loss  of  heat  from  the  surface.  A  similar  condition  exists 
in  many  diseases  of  the  spinal  cord;  mechanical  lesions  (Fischer,  I.  c,  Nieder '), 
chronic  myelitis,  the  closing  stage  of  tabes,  etc.  The  temj^erature  falls  to  35°,  32", 
30°  C.  (95°,  90°,  80°  Fahr.),  or  even  lower  ;  the  patients  meanwhile  often  live  on  for 
days  and  weeks.  These  are  prol)ably  sometimes  the  temperatures  characteristic  of 
collapse,  but  at  other  times  they  are  doubtless  due  to  excessive  loss  of  heat  from 
vaso-motor  paralysis. 

6.  Disturbances  in  the  Urinary  and  Sexual  Apparatus. 

These  are  among  the  most  important  symptoms,  for  they 
always  inflict  great  discomfort,  and  often  influence  the  prognosis 
seriously.  Our  acquaintance  with  them,  it  must  be  admitted,  is 
in  many  points  defective. 

a.  Disturbance  of  the  Secretion  of  the  Kidneys. 

But  little  is  known  of  this  at  present,  in  spinal  affections. 
In  various  spinal  lesions,  especially  the  more  severe  and  acute 
forms,  considerable  changes  in  the  character  of  the  urine  rapidly 
appear,  but  it  is  not  yet  clearly  settled  how  far  the  kidneys  and 
their  innervation  are  directly  concerned  in  this.  After  crushing 
of  the  cord  by  fracture  of  the  vertebrae,  after  knife-wounds  of  the 
cord,  after  spinal  apoplexy,  in  acute  myelitis,  etc.,  we  often  see 


•Med.  Times  and  Gazette.  1873.  No.  1180. 
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the  urine  becoming  turbid  and  slimy  in  a  few  days  after  the 
event,  with  blood  and  j)us,  with  alkaline  decomposition  and  its 
inevitable  results,  triple  phosphates,  and  a  horrible  smell.  It  is 
generally  thought  that  this  change  is  caused  in  the  first  place 
by  retention  and  aramoniacal  decomposition  of  urine  in  the  blad- 
der, the  result  of  which  is  a  cystitis  and  an  inflammation  of  the 
kidneys,  secondary  to  the  cystitis.  Rosenstein  ^  believes  that  he 
has  obtained  certain  proof  of  this.  But  Charcot,"  in  view  of  the 
very  rapid  appearance  of  change  in  the  urine,  and  the  ecchymo- 
ses  and  foci  of  inflammation  repeatedly  found  in  the  kidneys  very 
soon  after  the  spinal  lesion,  is  forced  to  the  conclusion  that  the 
spinal  affection  may  be  of  itself  the  cause  of  the  acute  inflamma- 
tion of  the  kidneys,  and  he  lays  special  weight  upon  the  element 
of  irritation  in  these  spinal  lesions.  Whether  the  case  is  similar 
in  chronic  disease,  or  whether  in  the  latter  the  affection  of  the 
kidney  is  always  secondary  to  that  of  the  bladder,  is  likewise 
undecided  at  present. 

Still  less  is  known  about  anomalies  of  secretion,  or  extensive 
anatomical  changes.  The  increased  excretion  of  phosphates, 
observed  in  many  chronic  spinal  cases,  occurs  in  many  other 
neuroses. 

In  respect  to  the  alteration  in  the  quantity  of  urine  in  spinal 
diseases  very  little  information  is  furnished  by  human  pathol- 
ogy. An  analogy  with  the  temporary  suppression  of  this  secre- 
tion,  observed  by  Eckhard  after  section  of  the  cord,  may  proba- 
bly be  found  in  a  case  of  laceration  of  the  cervical  cord,  observed 
by  Brodie,  in  which  the  quantity  of  urine  passed  was  extremely 
small.  A  considerable  increase  of  the  secretion  sometimes  occurs, 
a  literal  diabetes  insipidus,  accompanying  spinal  diseases  (Fried- 
reich, in  degenerative  atrophy  of  the  posterior  columns) ;  it  may 
be  assumed  with  probability  in  these  cases  that  the  process  has 
extended  to  the  medulla  oblongata. 


'  Pathol,  u.  Ther.  der  Nierenkrankheiten.  2.  Aufl.  p.  287. 
'  Lemons  sur  les  maladies  du  systeme  nerveux.  1872-3.  p.  117. 
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h.  Disturiances  of  the  Bladder  and  Changes  in  the  Charac- 
ter of  the  Ur  ine. 

Spinal  patients,  without  number,  are  attacked  after  a  longer 
or  shorter  time  by  such  disturbances,  the  occurrence  of  which 
always  marks  an  unfavorable  phase  of  the  disease,  owing  to  the 
difficulty  of  giving  relief  and  the  fact  that  they  very  often  form 
the  starting-point  of  the  most  serious  complications. 

These  disturbances  almost  always  begin  with  the  paralysis  of 
the  bladder,  so  common  in  spinal  complaints,  and  the  consequent 
retention  and  stagnation  of  urine  in  the  bladder. 

In  the  chronic  cases,  which  are  the  more  frequent,  and  in 
which  there  is  often  no  other  complication  than  an  incomplete 
and  an  infrequent  evacuation  of  the  bladder,  decomposition  of 
the  urine  occurs  with  slight  alkalescence  and  deposition  of  con- 
cretions in  the  bladder  ;  the  consequence  of  this  is  a  catarrhal 
cystitis,  with  formation  of  mucus  and  pus,  abundant  develop- 
ment of  vibriones  (which  increases  the  facility  of  decomposition), 
an  alkaline  reaction,  and  a  foul  ammoniacal  smell  of  the  urine. 
Examination  of  the  turbid  urine  shows  a  muco-purulent  deposit, 
a  few  blood-corpuscles,  numerous  crystals  of  triple  phosphate, 
vibriones,  etc.  The  mucous  membrane,  at  first  in  a  state  of  catar- 
rhal inflammation,  is  covered  by  degrees  with  erosions,  is  thick- 
ened and  swelled,  contains  hemorrhages  and  pigment- deposits  in 
its  substance  ;  the  muscular  coat  of  the  bladder  is  hypertrophied, 
the  wall  of  the  bladder  is  thickened  and  retracted,  etc.  Purulent 
pyelitis  and  purulent  disseminated  nephritis  very  soon  appear. 
This  is  the  usual  condition  at  the  close  of  chronic  spinal  diseases 
(myelitis  chronica,  tabes  dorsalis,  etc.). 

In  quite  acute  cases  the  affection  of  the  bladder  not  rarely 
opens  with  hsematuria,  with  which  are  associated  acute  purulent 
or  even  ichorous  cystitis,  pyelo-nephritis,  etc.,  very  quickly  lead- 
ing to  the  most  extensive  decomposition  of  urine  with  all  its  con- 
sequences, high  fever,  uraemia,  etc. 

It  remains  to  be  proved  whether  the  stagnation  of  the  urine, 
produced  by  the  vesical  paralysis,  is  the  sole  cause  of  all  these 
disturbances,  or  whether,  as  is  extremely  probable  in  acute  cases. 
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and  is  certainly  possible  in  chronic  cases,  the  lesion  of  the  cord 
of  itself  constitutes  a  distinct  cause  of  this  inflammatory  condi- 
tion of  the  bladder  and  all  its  consequences.  We  know  nothing 
certainly  in  respect  to  the  nervous  paths  and  centres  in  the  cord 
which  are  concerned  in  these  processes. 

But  it  is  certain  that  these  conditions  of  the  bladder  may  lead 
to  the  severest  disturbance  of  the  whole  system,  by  the  fever,  the 
loss  of  fluids,  and  the  retroaction  upon  the  kidneys,  which  are 
associated  with  them. 

c.  Disturbances  of  the  Function  of  Urination. 

This  very  common  and  important  class  of  symptoms  compre- 
hends many  varieties,  differing  in  their  origin  and  course,  as 
might  be  expected  in  the  case  of  such  complicated  mechanism. 

In  the  chronic  cases,  which  are  by  far  the  most  common,  the 
first  symptom  is  frequently  a  certain  difficulty  in  passing  water ; 
the  patient  has  to  wait  a  longer  time  than  usual,  has  to  press 
more  strongly  in  order  to  set  the  process  going,  and  when  the 
stream  comes,  it  is  small  and  slow,  and  at  the  close  there  is  a 
more  or  less  prolonged  dribbling.  Later,  this  increases  more  and 
more,  and  actual  retention  of  urine  occurs,  which  compels  the 
regular  use  of  the  catheter,  or  may  produce  the  "ischuria  para- 
doxa,"  in  which  a  distended  bladder  keeps  up  a  constant  drib- 
bling. It  is,  however,  possible  that  the  retention  may  go  on  to 
the  production  of  actual  incontinence. 

But,  on  the  other  hand,  incontinence  of  the  bladder  may  be 
the  first  symptom  ;  the  patient  has  to  make  haste  the  moment 
he  feels  the  inclination  to  pass  water  ;  soon  the  discharge  occurs 
at  the  same  time  with  the  inclination,  and  at  the  last  it  comes 
unexpectedly  and  involuntarily,  is  often  quite  unnoticed,  and 
passes  into  the  bed,  the  clothes,  etc.,  at  any  time.  The  discharges 
may  be  considerable  in  quantity,  and  take  place  at  certain  inter- 
vals, or  they  may  be  frequent  and  small,  or  the  urine  may  drib- 
ble constantly.  Any  of  these  disturbances  may  be  further  com- 
plicated by  the  appearance  of  cystitis. 

In  acute  cases  (sudden  destruction  or  squeezing  of  the  cord, 
myelitis  acutissima,  spinal  apoplexy,  etc.)  complete  retention 
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usually  exists  from  the  outset,  or  witliin  a  few  days.  In  many 
cases,  as  in  experimental  section  of  the  cord  (Goltz),  it  is  merely 
the  result  of  concussion  of  the  entire  cord,  and  depends  on  paral- 
ysis of  the  centres  in  the  lumbar  cord.  Soon,  however,  tlie  spon- 
taneous (though  not  the  voluntary)  discharge  returns,  and  passes 
directly  into  incontinence.  The  form  which  is  assumed  by  the 
incontinence  then  depends  essentially  upon  the  seat  of  the  lesion 
and  the  secondary  changes  in  the  cord.  There  either  occurs, 
from  time  to  time,  a  full,  regular  discharge  of  the  bladder  against 
the  patient's  will,  and  often  without  his  knowledge — a  sign  that 
the  reflex  centre  in  the  cord  is  in  existence  and  the  detrusor  is 
not  palsied — or  there  is  ischuria  paradoxa,  an  excessive  fulness 
of  the  bladder  with  continual  dribbling,  in  which  case  either  the 
reflex  centre  is  paralyzed  and  destroyed,  or  else  the  peripheral 
paths  are  interrupted.  The  detrusor  is  paralyzed  together  with 
the  sphincter.  The  bladder  is  at  first  excessively  distended, 
often  reaching  nearly  to  the  navel ;  but  subsequently,  owing  to 
catarrh  of  the  bladder  and  hypertrophy  of  its  wall,  its  dimen- 
sions diminish  continually,  though  the  incontinence  continues 
unchanged. 

Subsequently  the  symptoms  may  alter  as  partial  improve- 
ment occurs  in  one  or  another  of  the  nerve-paths  ;  but  the  above 
description  will  be  recognized  as  giving  the  ordinary  traits  of  spi- 
nal paralysis  of  the  bladder. 

With  our  present  knowledge  of  the  mechanism  of  the  evacua- 
tion of  the  bladder  (see  p.  54),  it  is  not  difficult  to  understand 
how  the  various  forms  of  paralysis  originate.  It  is,  however,  in 
special  cases,  often  extremely  difficult  to  decide  which  nervous 
apparatus  is  involved,  as  most  of  the  symptoms  may  originate  in 
more  ways  than  one. 

The  complexity  of  these  conditions  will  best  be  shown  by  a 
brief  mention  of  the  disturbances  which  may  follow  lesions  of 
different  portions  of  the  paths  which  convey  the  innervation  to 
the  bladder.  The  evacuation  of  the  bladder  may  be  interfered 
with  :  1,  by  lesion  of  sensory  and  motor  peripheral  paths  ;  2,  by 
lesion  of  the  reflex  centres  in  the  lumbar  cord  ;  and  3,  by  lesion 
of  the  sensory  or  motor  paths  which  lead  to  the  brain  above  the 
lumbar  region. 
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If  the  peripheral  sensory  nerves  of  the  bladder  are  alone  par- 
alyzed, the  patient  will  probably  perceive  no  further  impulse  to 
urinate,  but  will  be  able,  from  time  to  time,  to  pass  water  volun- 
tarily by  the  action  of  the  brain  upon  the  centres  in  the  lumbar 
cord ;  in  this  case  the  patient  does  not  feel  the  evacuation.  If 
the  motor  nerves  of  the  bladder  are  peripherally  palsied,  the 
consequence  will  be  retention  with  incontinence  (ischuria  para- 
doxa),  in  which  voluntary  urination  is  impossible.  If  both  sen- 
sory and  motor  paths  are  paralyzed,  as  in  lesions  of  the  cauda 
equina,  ischuria  paradoxa,  or  at  least  absolute  incontinence,  will 
be  the  unavoidable  result.  (It  is  not  yet  established,  whether  the 
bladder,  deprived  of  its  spinal  innervation,  may  continue  to  con- 
tract independently  by  virtue  of  the  influence  of  the  ganglionic 
apparatus  situated  in  its  walls.)  All  this  holds  good,  of  course, 
of  the  sensory  and  motor  paths  within  the  spinal  cord  previous 
to  their  connection  with  the  reflex  centres. 

If  these  centres  are  paralyzed  or  destroyed,  the  necessary 
consequence  will  be  complete  retention  followed  by  incontinence 
(ischuria  paradoxa).  The  utmost  that -can  be  accomplished  by 
the  patient  in  such  cases  will  be  an  incomplete  evacuation  by 
the  aid  of  abdominal  straining. 

If  the  sensory  paths  on  the  other  side  of  (/.  e.,  above)  the  lum- 
bar cord  are  alone  paralyzed,  while  the  centres  in  the  cord  are 
uninjured,  a  regular  discharge  of  the  bladder  will  occur  from 
time  to  time  when  it  has  reached  the  proper  fulness ;  but  the 
patient  feels  nothing  of  it,  and  therefore  cannot  prevent  its  occur- 
rence. If  only  the  motor  paths  above  the  lumbar  cord  are  pal- 
sied, the  patient  can  neither  discharge  his  urine  voluntarily'-,  nor 
arrest,  by  voluntary  contraction  of  the  sphincter,  an  evacuation 
which  has  begun  or  is  threatening ;  but  he  feels  the  inclination  to 
urinate,  which  immediately  excites  a  reflex  evacuation  of  the 
bladder,  withdrawn  as  it  is  from  voluntary  control.  If  all  the 
paths  above  the  lumbar  cord  are  paralyzed,  the  periodical  reflex 
discharges  of  the  bladder  take  place  without  the  patient's  feeling 
anything  of  them,  and  without  any  power  on  his  part  to  influ- 
ence them.  In  most  of  the  cases  of  this  group  the  action  of  ab- 
dominal straining  will  not  occur ;  but  this. does  not  much  alter 
the  symptoms. 
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We  see  that  all  tlie  symptoms  that  have  been  described  can 
be  thus  naturally  explained,  and  it  is  necessary  in  each  case  to 
examine  every  circumstance  with  care,  in  order  to  ascertain  the 
precise  seat  of  the  lesion.  Such  experience  will  soon  convince 
us  that  the  various  forms  of  vesical  palsy  are  very  characteristic- 
ally distinct ;  it  will  be  easy  in  particular  to  decide  whether  the 
centres  in  the  cord  are  in  action  or  not,  by  irritating  the  wall  of 
the  bladder  and  producing  reflex  evacuation.  Many  cases,  how- 
ever, in  which  the  disturbance  is  complicated  and  diffuse  or  ill- 
defined,  will  present  insurmountable  obstacles  to  exact  diagnosis. 

The  localization  of  which  we  have  spoken  relates  rather  to 
ascertaining  at  what  height  in  the  spinal  cord  the  nervous  sup- 
ply for  the  bladder  is  intercepted.  We  know,  however,  but 
little  of  the  course  taken  by  the  paths  concerned  within  the  cord, 
and  therefore  are  unable  to  say  much  about  the  location  of  a 
disease,  relatively  to  the  transverse  section.  The  affections  of 
the  reflex  centres  must  always  be  located  in  the  gray  substance 
of  the  lumbar  cord  ;  yet  it  should  be  remembered  that  a  lesion 
of  the  root-fibres  as  they  pass  out  may  give  rise  to  just  the  same 
disturbances  as  a  lesion' of  the  centres.  In  the  case  of  the  paths 
which  lead  to  the  brain,  we  must  first  think  of  the  gray  sub- 
stance ;  in  that  of  the  motor  paths,  of  the  anterior  columns  also 
(Budge).  Further  information  can  only  be  given  by  special  in- 
vestigations. 

The  reflecting  reader  will  find  it  easy  to  comprehend  the 
course  and  the  complications  of  those  cases  in  which  the  altera- 
tions begin  in  a  primary  focus,  and  spreading  from  that  gradu- 
ally include  other  points  in  the  conductive  path ;  for  example, 
when  crushing  of  the  dorsal  medulla  gives  rise  to  myelitis  of  the 
gray  substance,  which  extends  downward  to  the  lumbar  cord  and 
there  paralyzes  the  centres  for  the  bladder.  It  will  also  be  easy 
to  form  a  correct  view  of  the  processes  of  initial  or  slight  dis- 
turbances of  the  functions  of  the  bladder.' 


'  In  these  statements  we  have  intentionally  avoided  making  a  sharp  distinction 
between  palsy  of  the  sphincter  and  of  the  detrusor,  because,  although  conceivable 
theoretically,  such  a  distinction  hardly  occurs  in  practice.  We  have  reason  to  believe 
that  the  paths  leading  to  both  muscular  systems,  from  the  brain  as  well  as  from  the 
centres  in  the  lumbar  cord,  are  close  together,  and  therefore,  as  a  rule,  are  affected 
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We  have  spoken  only  of  spinal  paralysis ,ol  the  bladder  ;  of 
its  spasmodic  affections  in  spinal  disease  little  is  known.  As 
such,  we  ought  perhaps  to  speak  of  numerous  cases  of  excessive 
desire  to  pass  water,  or  a  few  cases  of  ischuria.  Nothing  precise 
is  known  of  these  cases. 

d.  Disturbances  of  the  Sexual  Functions. 

These  have  always  been  considered  closely  related  to  the 
spinal  cord,  and  especially  in  the  causal  relation.  They  form, 
however,  a  very  prominent  portion  of  the  symptoms  of  spinal 
troubles,  and  are  much  more  noticeable  in  the  case  of  the  male 
sex,  owing  to  the  far  closer  dependence  of  the  function  upon  the 
integrity  of  the  cord  in  this  sex  than  in  females. 

The  symptoms  in  men  suffering  from  spinal  disease  are  : 

Increased  sexual  desire  and  increased  sexual  excitability ; 
every  lustful  thought,  the  sight,  or  the  merest  touch  of  a  woman, 
causes  erections.  A  state  of  weakness  is  usually  associated  with 
this  ;  in  coitus  the  ejaculation  takes  place  too  quickly  ;  the  erec- 
tions mentioned  are  often  immediately  followed  by  ejaculation ; 
pollutions  by  day  and  spermatorrhoea  make  their  appearance. 
Whether  there  is  really  an  increased  potency,  a  power  to  prac- 
tise coitus  normally  with  unusual  frequency,  is  questionable  and 
is  hard  to  decide,  as,  even  under  physiological  circumstances, 
the  sexual  powers  of  performance  differ  extremely  in  individuals. 

Far  more  common  is  the  so-called  irritable  weakness  of  the 
sexual  organs,  which  is  especially  observed  at  the  beginning  of 
spinal  diseases  and  in  functional  debility  of  the  cord.  In  this 
condition  erections  easily  occur,  which  are  weak,  insufficient,  and 
of  short  duration  ;  the  ejaculation  during  coitus  takes  place  too 
soon,  occurring  before  or  immediately  after  intromission  of  the 
penis.  The  sexual  sensations  during  coitus  are  diminished  or 
quite  wanting  ;  the  sexual  appetite  is  lessened  ;  the  performance 
of  the  sexual  act  is  followed  by  great  exhaustion — a  feeling  of 
weakness,  sweating,  pain  in  the  back,  sleeplessness  for  several 


together.  It  will  also  be  very  easy  to  make  out  the  cases  of  isolated  palsy  or  weakness 
of  the  sphincter,  which,  properly  speaking,  is  directly  subject  to  the  will  alone. 
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hours,  etc.,  and  a  feeling  of  great  exhaustion  usually  lasting 
several  days.    Repetition  of  the  act  is  impossible. 

This  condition  is  followed  by  diminution  and  complete  loss 
of  potency.  The  erections  become  continually  rarer  and  weaker, 
are  confined  to  the  morning  when  the  bladder  is  full,  are  usu- 
ally absent  when  most  wished  for,  and  finally  cease  altogether. 
The  sexual  appetite  usually  disappears,  but  pollutions  may  occur 
with  more  or  less  frequency  by  day  or  night  with  or  without 
sexual  feeling  ;  they  may,  however,  be  entirely  absent. 

Priapism  is  not  rare,  in  the  form  of  frequent  and  continuous 
more  or  less  complete  erections.  The  power  of  copulation  may 
be  retained,  and  the  sexual  desire  increased.  Those  cases  are  of 
more  importance  in  which  such  pathological  erections  accom- 
pany a  more  or  less  complete  interruption  of  conduction  in  the 
spinal  cord ;  they  may  originate  in  apparently  a  spontaneous 
manner,  when  the  penis  continues  for  a  considerable  time  in  a 
semi-erected  state,  more  rarely  in  complete  erection ;  but  more 
usually  such  erections  are  reflex,  depending  on  external  irrita- 
tion, introduction  of  the  catheter,  friction  of  the  skin  of  theglans 
or  perineum  or  of  the  inner  side  of  the  thigh. 

The  investigations  of  Eckhard  and  Goltz  furnish  an  easy 
and  plausible  theory  of  the  manner  in  which  these  various  dis- 
turbances originate  under  pathological  circumstances,  of  the 
way  in  which  interruption  of  the  peripheral  sensory  and  motor 
conduction,  paralysis  and  irritation  of  the  reflex  centres  in  the 
lumbar  cord,  or  cutting  off  or  irritating  the  paths  which  pass 
from  the  lumbar  cord  to  the  brain,  act  upon  the  processes  of 
erection,  ejaculation,  and  copulation.  It  is  not  necessary  to  ex- 
plain these  in  detail. 

It  may  be  added  that  the  present  state  of  our  knowledge  per- 
mits us  to  draw  very  few  conclusions  from  disturbances  of  sexual 
functions,  as  regards  the  exact  seat  and  nature  of  the  spinal  lesion. 

As  respects  the  disturbances  of  sexual  function  in  women 
who  suffer  from  disease  of  the  cord,  little  is  known.  Ovulation, 
pregnancy,  parturition  may  take  place  normally,  even  during 
severe  spinal  troubles. 

In  regard  to  the  libido  sexualis,  and  the  act  of  copulation, 
nothing  satisfactory  is  known. 
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7.  Disturbances  of  Digestion  and  Defecation. 

Of  the  cliemistry  of  digestion,  the  preparation  and  secretion 
of  the  digestive  fluid  in  diseases  of  tlie  cord,  almost  nothing  is 
known,  though  disturbances  certainly  occur.  The  secretion  of 
the  intestinal  juices  seems  to  be  impaired  in  many  cases,  probably 
owing  to  the  great  tendency  to  constipation  which  often  exists. 

The  intestinal  movements  are  usually  much  alfected,  either 
in  the  way  of  increase  or  of  diminution. 

The  former,  of  which  the  symptom  is  a  frequent,  watery- 
slimy  diarrlicea,  is  the  less  common  condition  ;  it  is  often  capa- 
ble of  being  produced  reflexly ;  thus,  in  a  patient  with  chronic 
myelitis,  I  observed  the  regular  evacuation  of  a  mucous  fluid 
mass  from  the  intestine  as  often  as  his  bed-sores  were  cleansed, 
and  the  like  has  been  seen  in  dogs  whose  lumbar  cord  was  cut. 

Much  more  commonly  there  is  habitual,  often  excessively 
obstinate  constipation,  of  which  almost  all  chronic  spinal  pa- 
tients complain.  The  stool  is  slowly  discharged,  dry,  and  hard, 
and  the  evacuation  occurs  only  at  considerable  intervals,  and 
on  application  of  energetic  remedies.  Several  causes  doubtless 
contribute  to  this — diminution  of  the  intestinal  secretion  and  of 
the  peristaltic  action,  and  probably  also  the  weakness  of  the 
abdominal  muscles  of  compression,  which  is  often  present.  If 
there  is  an  extreme  degree  of  weakness,  meteorism  and  accumu- 
lation of  faeces  occur,  with  their  consequences. 

We  do  not  know  exactly  from  what  portions  of  the  cord  these 
disturbances  proceed. 

French  authors,  as  Charcot,'  Delamare,  Dubois,  and  others,  have  described,  in 
connection  with  tabes  and  other  sj^inal  affections,  certain  peculiar  attacks,  to  which 
they  gave  the  name  of  "  crises  gastriques,"  comprising  violent  pains,  radiating  from 
the  back  to  the  epigastrium,  with  uncontrollable  vomiting,  nausea,  vertigo,  etc. 
These  attacks  may  last  several  hours  or  days ;  they  recur  periodically  like  the  lanci- 
nating pains  in  the  limbs  of  tabetic  patients,  and  have  manifestly  a  close  analogy 
with  such  pains.  They  unquestionably  depend  upon  transitory  states  of  irritation 
in  certain  portions  of  the  cord.    I  myself  have  repeatedly  seen  them  in  tabes 

In  like  manner,  there  is  occasionally  observed  (chiefly  in  tabetic  patients)  a  violent 
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and  painful  i^ressure  in  the  rectum,  conjoined  with  acute  pains  in  the  perineum,  the 
iuius,  and  the  sexual  parts.  These  symptoms  also  have,  probably,  a  neuralgic 
character. 

Of  much  more  importance  are  the  disturbances  of  evacuation^ 
Avhich  accompany  many  diseases  of  the  cord,  and  are  analogous 
to  a  certain  extent  with  the  disturbances  of  tlie  function  of  urina- 
tion. These  cases  are  chiefly  caused  by  a  paresis  or  paralysis 
of  the  sphincter  ani,  the  consequence  of  which  is  a  more  or  less 
severe  incontinentia  alvi. 

In  the  mildest  cases,  the  patients  cannot  retain  their  stool  for 
any  length  of  time,  but  are  forced  to  yield  to  the  pressure  as 
soon  as  felt.  This  weakness  may  so  increase  that  the  discharge 
occurs  at  all  times,  and  without  obeying  the  person's  will  in  the 
least.  There  may  also  be  present  a  disturbance  of  sensibility, 
which  makes  the  matter  still  worse  ;  the  patient  does  not  feel  the 
call,  and  even  if  he  possesses  some  voluntary  control,  he  is  sur- 
prised by  the  discharge,  of  which  he  feels  nothing,  and  is  only  in- 
formed of  its  occurrence  by  his  nose  or  eye,  or  by  the  sensibility 
of  his  legs.    This,  we  hardly  need  say,  is  a  shocking  infliction. 

This  paralysis  of  the  rectum  may,  in  acute  cases,  attain  very 
rapidly  to  its  fullest  development,  but  in  chronic  cases  it  comes 
on  very  gradually. 

It  is  easy  to  explain  the  several  disturbances  in  the  func- 
tion of  defecation,  and  their  origin,  by  reference  to  the  data 
of  physiology  (see  above,  p.  54).  In  brief,  we  would  refer  to 
what  has  been  said  under  disturbances  of  urination,  and  in  this 
place  would  only  remark  that  our  attention  should  be  directed 
partly  to  the  peripheral  sensory  fibres  of  the  rectum  and  anus, 
partly  to  the  motor  fibres  of  the  sphincter,  and  to  the  reflex  cen- 
tres in  the  lumbar  cord,  and  the  sensory  and  the  motor  paths 
which  ascend  from  them  to  the  brain.  The  action  of  abdominal 
pressure  must  also  be  thought  of ;  and  the  ganglionic  apparatus 
situated  in  the  intestinal  wall.  The  complexity  of  these  points 
will  increase  the  difficulty  of  an  explanation,  but  in  most  cases 
we  shall  succeed  in  obtaining  a  satisfactory  account  of  the  nature, 
and  probably  also  of  the  seat  of  the  lesion.  The  remarks  pre- 
viously made  in  regard  to  disturbances  of  urination  may  be 
repeated  here. 
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8.  Disturbances  of  Respiration  and  Circulation. 

Our  knowledge  of  this  branch  of  the  subject  is  confined  to 
isolated  points,  and  is  applicable  only  in  a  slight  degree  to  the 
uses  of  pathology. 

Disturbances  of  respiration  occur  in  but  few  diseases  of  the 
cord,  and  almost  exclusively  in  those  of  the  cervical  portion. 
The  cord  contains  only  conductor  paths  for  the  respiratory  move- 
ments, situated  probably  for  the  most  part  in  the  lateral  columns, 
and  leaving  the  cord  at  various  levels.  The  centres  for  respira- 
tion lie  higher,  in  the  medulla  oblongata. 

Lesions  of  the  upper  dorsal  and  of  the  cervical  medulla,  when 
they  involve  the  lateral  columns,  always  give  rise  to  a  disturbance 
of  inspiration,  which  is  severe  in  proportion  to  the  height  of  the 
lesion.  As  long  as  it  is  confined  below  the  point  of  exit  of  the 
phrenic,  there  is  no  danger,  for  only  the  intercostals  and  some 
auxiliary  muscles  of  respiration  are  deprived  of  their  function, 
while  the  diaphragm — the  chief  inspiratory  muscle — keeps  up 
the  process  of  breathing  to  a  sufiicient  extent.  But,  if  the  lesion 
seizes  upon  the  roots  of  the  phrenic  nerve,  the  inspiration  is 
always  gravely  impaired,  even  if  only  one  side  is  attacked,  while 
if  both  sides  are  affected,  a  fatal  result  from  insufficiency  of 
aeration  is  inevitable.  Hence  the  rapidity  with  which  death  fol- 
lows severe  injuries  of  the  uppermost  part  of  the  cervical  cord, 
as  in  fracture  of  the  odontoid  process  of  the  axis,  etc. 

In  strictly  unilateral  lesions,  disturbances  of  breathing  will 
be  seen,  limited  to  the  side  of  the  injury  in  all  cases. 

It  is  much  more  usual  to  see  disturbances  of  expiration  in 
spinal  disease,  caused  by  paralysis  of  the  expiratory  muscles  (of 
the  abdomen  and  back).  If  the  organs  of  respiration  are  sound, 
this  gives  rise  to  no  great  inconvenience  ;  at  the  most,  it  becomes 
somewhat  difficult  to  utter  loud  tones.  But  if  bronchial  catarrh 
and  similar  troubles  exist,  for  which  an  energetic  expectoration 
is  required,  the  greatest  danger  to  life  may  arise  from  accumula- 
tion of  mucus  in  the  bronchi.  Hence  the  frequent  fatal  result  of 
bronchitis,  pneumonia,  etc.,  in  myelitic  patients. 

It  is  plain  what  must  be  the  location  of  the  disturbance  in 
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the  spinal  cord,  in  order  to  produce  this  difficulty  in  expira- 
tion. 

Tlie  disturbances  of  circulation  which  accompany  spinal  dis- 
ease have  been  very  little  examined,  with  the  exception  of  the 
vaso-motor.  They  are  conlined  to  alterations  in  the  action  of 
the  heart,  which  are  seldom  very  great,  as  the  influence  of  the 
spinal  cord  upon  the  heart  is  only  subordinate.  Nevertheless, 
changes  in  the  activity  of  the  heart  seem  not  to  be  rare  in  spinal 
diseases,  though  little  noticed.  Charcot^  notes  a  permanent 
acceleration  of  the  pulse  as  a  frequent  symptom  in  ataxia ;  he 
also  speaks  of  a  permanent  retardation  '  of  the  pulse  as  a  note- 
worthy symptom  of  compression  of  the  cervical  cord,  and  de- 
scribes it  carefully. 

Tlie  rapidity  of  the  pulse  can  be  influenced  to  a  considerable 
extent,  both  by  the  sympathetic  fibres  which  pass  in  the  cervical 
medulla  and  by  vaso-motor  spasm  or  paralysis.  If  we  further 
reflect  that  the  root-fibres  of  the  vagus  and  the  spinal  accessory 
descend  to  a  considerable  distance  in  the  cervical  cord,  it  will  be 
clear  that  alterations  of  the  rate  of  action  of  the  heart  are  fre- 
quent in  diseases  of  the  cervical  cord.  The  precise  pathogenesis 
of  these  alterations  must  be  ascertained  in  each  individual  case. 

9.  Disturbances  of  tlie  Oculo-pupillary  Fibres,  the  Various 
Cerebral  ITerves,  and  the  Brain  itself. 

We  will  here  enumerate  briefly  a  series  of  disturbances,  of 
which  only  a  part  are  directly  referable  to  lesions  of  the  cord, 
the  remainder  being  more  or  less  accidental  complications,  the 
connection  of  which  with  the  spinal  lesion  is  wholly  unknown 
to  us,  even  if  it  exists.  But  all  these  points  may  acquire  such 
an  importance  in  reference  to  the  diagnosis  of  cases  or  varieties 
of  disease,  that  it  is  quite  worth  while  to  mention  them  liere, 
although  we  shall  have  to  defer  a  minute  examination  to  the 
special  part  of  this  work. 

The  connection  between  certain  oculo-pupillary  symptoms 


'  Le9on8,  eto.  2.  S6r.  1.  fasc.  p.  50. 
'  Loo.  olt.  2.  faso.  p.  137. 
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and  spinal  diseases  is  very  clear.  The  fibres  destined  for  the 
dilatator  piipilljE  originate  in  a  centre  situated  in  the  medulla 
oblongata  ;  they  descend  in  the  cervical  medulla  without  decussa- 
tion, and  at  various  levels  make  their  exit,  passing  to  the  cervi- 
cal sympathetic,  and  thus  to  the  eye.  Irritation  of  these  fibres 
produces  dilatation  of  the  pupil  (mydriasis  spastica),  paralysis 
of  the  fibres  causes  contraction  of  the  pupil  (myosis  paralytica). 
These  phenomena  may  be  unilateral  or  bilateral,  according  to 
the  extent  of  the  lesion  in  the  cervical  cord ;  in  unilateral  lesion 
the  alteration  occurs  on  the  same  side  ;  the  phenomenon  is  very 
characteristic,  especially  in  lesions  of  one-half  the  cervical  cord. 
Vaso-motor  irritation  or  paralysis  in  the  corresponding  half  of 
the  face  often  accompanies  the  corresponding  pupillary  phenom- 
ena. A  combination  of  the  two  constitutes  a  valuable  symptom 
in  diseases  of  the  cervical  cord.  It  should  be  added  that,  accord- 
ing to  Robertson,  Knapp  and  Leber,'  the  pupil  in  spinal  myosis 
reacts  to  impulses  of  accommodation,  but  not  to  changes  of  light. 

The  hypoglossus  nerve  is  affected  only  in  diseases  of  the  cord 
which  extend  to  the  medulla  oblongata ;  the  resulting  symptoms 
are  paralysis  of  the  tongue,  disturbance  of  speech,  and  atrophy  of 
the  tongue. 

The  vagus  and  the  spinal  accessory  seem  not  to  be  often 
affected ;  the  consequences  are  spasmodic  cough,  dyspnoea,  and 
anomalies  of  the  action  of  the  heart. 

Still  less  is  known  of  the  affections  of  the  glosso-pharyngeus  ; 
the  paralysis  of  swallowing  which  occurs  in  many  spinal  diseases, 
especially  in  the  later  stages,  is  probably  due  to  an  extension  of 
the  morbid  process  to  the  paths  of  the  glosso-pharyngeus,  which 
lie  in  the  medulla  oblongata. 

The  auditory  nerve  is  now  and  then  attacked  (e.  g.^  in  tabes) ; 
the  connection  between  the  atrophy  of  the  auditory  nerve  and 
the  spinal  disease  is  entirely  obscure,  Nervous  deafness,  or  loss 
of  hearing  for  high  or  low  notes,  is  then  observed. 

The  facial  nerve  is  very  rarely  affected  in  spinal  disease  ;  the 
lower  branches  are  more  liable.  The  usual  cause  is  extension  of 
disease  to  the  medulla  oblongata. 


'  Virchow-Hirsch's  Jahresbericht  fiir  1872.  II.  p.  544. 
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Symptoms  from  the  trigeminus  are  much  more  common  ;  the 
sensory  iibres  are  oftener  attacked,  the  motor  more  rarely.  The 
symptoms  are  formication,  anaestliesia,  pain  ;  for  which  the  affec- 
tion of  the  upper  cervical  cord  is  a  sufficient  explanation. 

The  involvement  of  the  muscular  nerves  of  the  eye  is  very 
common  in  spinal  diseases,  and  very  hard  to  explain.  It  is  espe- 
cially common,  in  the  stage  of  precursory  symptoms  in  tabes,  to 
observe  paralysis  of  one  of  these  nerves,  either  in  one  eye  or  in 
both.  The  oculo-motorius  is  most  often  attacked,  next  the  abdu- 
cens,  less  frequently  the  trochlearis.  We  have  at  present  no  right 
to  speak  of  this  disease  as  depending  on  the  spinal  lesion ;  we 
know  nothing  of  a  trophic  action  of  the  spinal  cord  upon  the 
cerebral  nerves  ;  we  are  forced  to  assume  tliat  the  degenerative 
atrophy  is  localized  simultaneously  in  several  points  of  the  cere- 
bro-spinal  axis. 

The  same  is  true  of  those  extremely  common  affections  of  the 
optic  nerve,  which,  associated  with  tabes  dorsalis,  add  horrors  to 
a  disease  already  sad  enough.  These  cases  are  always  due  to 
progressive  gray  degeneration  of  the  optic  nerve,  recognizable  by 
the  increasing  atrophy  of  the  papilla.  Amblyopia,  color-blind- 
ness, contraction  of  the  field  of  vision,  are  the  first  symptoms, 
and  lead  with  frightful  rapidity  to  total  amaurosis.  Similar 
affections  of  the  optic  nerve,  not  quite  so  hopeless  as  to  progno- 
sis, occur  also  in  multiple  sclerosis.  The  connection  between  this 
disturbance  and  the  spinal  disease  is  wholly  unexplained  ;  the 
amaurosis  often  precedes  by  many  years  the  first  appearance  of 
the  tabetic  symptoms  (lancinating  pains,  ansesthesia,  ataxia). 

Of  affections  of  the  olfactory  nerve  in  spinal  diseases,  nothing 
is  known  at  present. 

A  good  deal  of  research  will  be  required  in  order  to  establish 
upon  an  accurate  basis  the  connection  between  these  diseases  of 
cerebral  nerves  and  spinal  disease.  If  we  refuse  to  localize  the 
disorder  in  several  spots  at  once,  we  shall  be  most  likely  to  as- 
sume a  propagation  of  the  process  to  the  nerve-nuclei  in  the 
medulla  oblongata,  and  perhaps  a  spreading  of  meningeal  jiro- 
cesses  at  the  base  of  the  brain ;  probably  other  relations,  as  yet 
unknown,  will  hereafter  be  discovered. 

Concerning  the  disturbances  of  speech,  which  are  not  rare  in 
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spinal  affections,  a  few  words  will  suffice.  These  are  never  psy- 
chical (aphasia  proper),  but  ]3robably  are  solely  peripheral  and 
motor  in  character,  originating  in  the  muscular  apparatus  of 
speech  {anartliria).  This  may  be  due  to  paralysis  of  the  hypo- 
glossus,  which  will  injure  the  lingual  sounds,  or  of  the  facialis, 
which  interferes  Avith  the  labials,  or  of  the  velum  palati,  which 
gives  a  nasal  tone  to  the  voice,  or,  finally,  of  the  accessorius, 
which  interferes  with  the  formation  of  the  voice,  and  may  pro- 
duce aphonia.  Not  infrequently  a  sort  of  ataxia,  an  inco-ordi- 
nation  of  the  movements  of  speech,  an  irregular  stuttering  way 
of  speaking,  is  observed,  as  in  many  cases  of  tabes  ;  and  finally, 
a  slow,  scanning  speech  is  highly  characteristic  of  multiple  scle- 
rosis. Many  other  disturbances  of  speech  occur,  of  more  or 
less  importance. 

The  hrain  itself  may  be  involved  in  the  spinal  disease  in  a 
great  variety  of  ways  and  in  very  various  degrees.  It  is  charac- 
teristic of  many  cases  of  spinal  disease,  that  the  brain  remains 
intact  with  its  functions  of  intelligence,  memory,  capacity  for 
work,  etc.,  and  that  the  cerebral  nerves  are  not  in  the  least  af- 
fected. But  in  other  cases,  not  less  characteristic,  we  observe  a 
more  or  less  general  implication  of  the  brain  in  the  morbid  dis- 
turbance.   This  may  occur  in  several  ways,  e.  g.  : 

(a)  The  same  process  may  be  localized  both  in  the  brain  and 
in  the  cord,  or  it  may  extend  from  the  latter  to  the  former ;  thus, 
in  multiple  sclerosis,  there  may  be  sclerotic  patches  in  both  brain 
and  cord  ;  in  tabes,  gray  degeneration  of  the  posterior  columns 
of  the  cord  and  of  the  optic  or  other  cerebral  nerves  ;  in  dementia 
paralytica,  simultaneous  degeneration  of  the  cord  ;  the  same  is 
true,  in  syphilis  of  tlie  central  nervous  system,  in  meningitis 
cerebro-spinalis,  in  meningitis  tuberculosa,  paralysis  ascendens 
acuta,  secondary  descending  degeneration  of  the  lateral  columns 
in  consequence  of  cerebral  affections,  etc.  In  every  case  the  cere- 
bral symptoms  here  form  important  features  in  the  ensenible. 

(b)  Cerebral  symptoms  may  furtlier  be  caused  by  the  second- 
ary effects  of  the  spinal  disease  ;  as  by  uraemia  due  to  cystitis 
and  nephritis,  by  pyaemia  due  to  decubitus,  etc. 

(c)  Finally,  severe  cerebral  symptoms  occur  in  a  Avay  not  yet 
understood  in  the  final  stages  of  many  spinal  disorders  ;  as  delir- 
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ium,  coma,  excessive  temperature,  spasmodic  conditions,  with 
which  cases  of  tabes  or  chronic  myelitis  often  terminate.  It  is 
hard  to  say  how  these  symptoms  originate ;  usually  the  exces- 
sive cachexia,  due  to  the  spinal  disease,  may  be  the  proximate 
cause ;  but  may  it  not  be  supposed  that  vaso-motor  actions 
originating  in  the  cervical  medulla  may  change  the  circulation 
and  nutrition  of  the  brain,  and  thus  form  an  intermediate  mem- 
ber between  the  spinal  disease  and  the  cerebral  symptoms  ? 


We  have  now  enumerated  nearly  all  the  forms  of  disturbance 
which  occur  in  connection  with  the  spinal  cord,  and  have  endeav- 
ored to  develop  their  pathogenesis,  as  far  as  possible,  in  order 
to  give  the  practical  physician  a  scientific  view  of  the  connection 
between  apparent  diseases  and  the  fundamental  lesions  in  the 
cord. 

The  coalition  and  varied  grouping  of  single  symptoms  consti- 
tute the  characteristic  forms  of  disease  which  we  meet  in  prac- 
tice. Daily  experience  serves  to  show  that  the  greatest  variety 
exists  here  ;  sometimes  we  meet  with  a  combination  of  motor 
and  vaso-motor  disturbances,  and  sometimes  one  of  sensory  and 
motor  disorders ;  to  these  are  superadded  in  various  instances 
alterations  of  reflex  function,  or  anomalies  of  the  function  of  the 
bladder  and  sexual  organs  ;  in  other  cases  single  cerebral  nerves 
are  implicated  in  the  disorder,  or  the  trophic  disturbances  assume 
a  leading  place,  etc.  This  multiplicity  of  symptoms  permits  us 
to  divide  them  into  certain  groups,  many  of  which  are  already 
well-known  forms  of  disease,  while  others  stand  in  need  of  a 
stricter  definition. 

The  exact  localization  of  the  several  disturbances  is  often 
significant ;  for  example,  when  both  the  lower  or  only  both 
upper  extremities  are  attacked  by  palsy,  when  anaesthesia  or 
pain  exists  at  a  certain  level  in  the  trunk  or  limbs,  when  the 
motor  palsy  is  confined  to  one  side,  and  the  sensory  to  the  other 
side  of  the  body,  etc. 

It  is  the  object  of  clinical  study  to  ascertain  what  is  charac- 
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teristic  and  common  in  all  these  symptoms  ;  having  done  which, 
we  are  to  draw  sharply -defined  portraits  of  disease,  and  to  refer 
the  latter  to  changes  in  the  cord,  strictly  defined  as  to  locality. 
In  the  special  part  of  this  work  we  shall  see  how  far  the  pathol- 
ogy of  the  day  has  gone  in  solving  this  difficult  problem. 


B.  General  Etiology  of  Diseases  of  the  Spinal  Cord. 

The  etiology  of  diseases  of  the  cord  is  not  in  a  very  satisfac- 
tory condition.  A  great  many  isolated  facts  have  been  recorded, 
not  always  sufficiently  well  founded,  but  the  really  scientific  re- 
sults are  small,  few  general  points  have  been  established,  and  the 
pathogenesis  of  the  forms  of  disease  remains  obscure  in  most 
cases. 

We  must  therefore  content  ourselves  with  brief  outlines,  leav- 
ing the  fuller  details  to  the  special  part.  We  will  state  here  only 
that  which  is  in  some  degree  certain,  but  the  most  part  of  our 
remarks  will  relate  to  defects  in  our  knowledge. 

First,  there  is  a  series  of  causal  agencies  and  injuries  which 
place  the  cord  in  a  condition  of  increased  susceptibility  to  dis- 
ease ;  these  may  be  designated  as  predisposing  causes.  They 
are  certainly  very  prominent  in  the  pathogenesis  of  spinal  dis- 
eases, but  we  should  not  forget  that  the  same  injuries  may  under 
certain  circumstances  produce  not  only  the  morbid  tendency,  but 
also  the  disease  itself  ;  and  that,  therefore,  they  may  in  some 
cases  become  direct  causes.  This  depends  partly  on  the  intensity 
with  which  they  act,  partly  on  the  accidental  combination  of 
favoring  circumstances. 

One  of  the  most  powerful  predisposing  agencies  is  doubtless 
the  so-called  neuropatliic  disposition,  that  peculiar  disturbance 
in  the  nutrition  of  the  nervous  apparatus  which  lessens  the  re- 
sistance of  the  latter  to  all  possible  injuries,  and  increases  the 
tendency  to  disease  in  a  definite  direction.  It  may  exist  in  the 
spinal  cord,  and  predispose  it  to  pathological  reaction  under  all 
kinds  of  irritation.  Numerous  spinal  diseases  are,  without 
doubt,  referable  to  this  condition. 

This  neuropathic  condition  is  certainly  congenital  in  most 
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cases,  and  is  transferred  from  parents  to  children.  Whole  fami- 
lies, many  generations,  may  be  thus  burdened  with  neuropathy, 
and  cursed  with  a  feeble  power  to  resist,  on  the  part  of  the  ner- 
vous system.  In  many  cases  the  effect  is  seen  in  a  general  neuro- 
pathic disposition  ;  all  possible  neuroses  (hysteria,  tabes,  ej^ilep- 
sy,  psychoses,  etc.)  are  at  home  with  the  members  of  a  family, 
and  each  one  is  affected  in  only  that  portion  of  his  nervous  appa- 
ratus which  is  accidentally  the  subject  of  a  special  injury.  It  is 
not  at  all  necessary  that  the  parents  should  have  suffered  from 
the  same  disease ;  the  children,  in  such  cases,  inherit  merely  a 
general  disposition  of  the  nervous  system  to  disease,  which  may 
be  manifested  in  very  various  ways,  according  to  the  nature  of 
the  incidental  causes. 

In  other  cases  a  perfectly  definite  disposition  is  inherited  by 
the  cord,  so  that  children  are  attacked  by  the  same  affection  as 
their  parents  (direct  inheritance),  of  which  progressive  muscular 
atrophy  furnishes  the  best  examples ;  or  it  may  happen  that 
several  or  all  of  the  children  of  one  couple  suffer  from  the  same 
disease  when  neither  parent  has  had  it,  as  in  the  cases  of  degene- 
rative atrophy  of  the  posterior  columns,  published  by  Fried- 
reich.^ 

The  way  in  which  this  neuropathic  disposition  is  propagated 
from  generation  to  generation,  often  with  increasing  intensity,  is 
entirely  obscure ;  and  we  are  quite  ignorant  of  what  the  finer 
changes  in  the  nervous  system,  and  especially  in  the  cord,  may 
be. 

The  exaggerated  susceptibility  to  disease  on  the  part  of  the 
nervous  system,  and  especially  of  the  cord,  may  also  be  acquired 
by  a  variety  of  circumstances  which  must  be  reckoned  among  the 
predisposing  causes. 

Of  these,  sexual  excesses  and  irregularities  occupy  the  first 
place.  Their  effects  were  formerly  often  overestimated  ;  but  at 
the  present  time  the  tendency  of  opinion  is  so  strongly  in  the 
other  direction  that  an  author  like  Leyden  makes  no  mention  of 
them  in  his  general  etiology.^ 


'  Virch.  Arch.  Vols.  20  and  27. 

'  KlLaik  dcr  Riickenmarkskrankheiten.  I.  p.  170. 
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My  own  opinion,  based  upon  observations  which  for  some 
time  past  have  been  specially  directed  to  this  point,  is  that  these 
causes  are  decidedly  important  in  the  production  of  numerous 
spinal  diseases — a  view  which  is  represented  in  the  writings  of 
many  prominent  authors  (Romberg,  Nasse,  Hammond,  Salomon, 
M.  Rosenthal,  and  others). 

I  believe  we  may  say  that  any  gratification  of  the  sexual  pas- 
sion, whether  natural  or  unnatural,  indulged  in  to  excess  and 
for  a  long  time,  forms  for  many  men — not  for  all — a  circum- 
stance that  powerfully  depresses  the  spinal  cord,  and  predis- 
poses it  to  disease. 

The  processes  which  accompany  the  sexual  act,  especially 
ejaculation,  are  attended  with  a  very  violent  exaltation  and  shock 
of  the  entire  nervous  system ;  and  the  spinal  cord  seems  to  be  the 
organ  which  suffers  most. '  Certainly  this  element  seems  to  us  of 
far  more  importance  than  the  comparatively  trifling  amount  of 
loss  of  material  which  occurs  in  the  discharge  of  semen. 

The  facts  may  be  analyzed  as  follows  : 

Excessive  natural  coitus,  in  many  persons,  certainly  produces 
symptoms  which  point  to  a  weakness  and  a  diminished  functional 
capacity  on  the  part  of  the  spinal  cord ;  weakness  of  the  legs, 
inability  to  stand  for  a  long  time,  trembling  when  forcible  move- 
ments are  made,  pains  in  the  back,  shooting  pains  in  the  legs, 
sleeplessness,  etc.  This  may  often  be  noticed  in  the  newly-mar- 
ried, or  in  persons  who  have  indulged  in  great  excess  for  a  short 
time.  If  the  cause  of  these  symptoms  soon  disappears,  the  in- 
jury may  in  most  cases  be  quickly  repaired  ;  but  if  the  excesses 
are  continued,  further  injury,  or  even  positive  disease,  occurs. 
Any  external  injury,  exposure  to  cold,  excessive  walking,  etc., 
may  then  bring  on  the  worst  results. 

It  is  really  hard  to  say  at  -what  point  excess  begins.  No  number  can  be  given; 
the  disparity  in  the  powers  of  different  men  is  enormous.  While  for  some  men 
Luther's  rule,  "  die  "Woche  zwier  "  (tTvice  a  week)  denotes  the  limit  of  their  capacity, 
others  can  with  impunity  do  four,  six,  or  ten  times  as  much.  This  seems  to  depend 
on  congenital  differences  in  the  sexual  power,  such  as  is  found  also  in  animals 
(stallions,  etc.).  A  slight  degree  of  potency  seems  to  me  to  be  a  common  circum- 
stance among  numerous  members  of  nervous  families.    Of  course  such  a  weakness 


'  Wwidt,  Physiologie.  2d  edition,  p.  C90. 
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may  be  acquired  by  all  sorts  of  influences  which  depress  the  nervous  system.  In 
determining  the  question  of  excess  we  must,  therefore,  take  pains  to  ascertain  the 
powers  of  the  individual. 

In  very  young  people,  not  fully  grown,  and  in  elderly  per- 
sons, the  evil  effects  of  excess  are  more  readily  perceived  than  in 
persons  of  the  vigorous  age.  If  coitus  is  begun  at  a  very  early 
age,  and  practised  with  excessive  frequency,  its  evil  consequences 
follow  with  more  or  less  rapidity  in  the  form  of  spinal  weakness, 
general  nervousness,  etc.  Youth  has  immense  power  to  repair 
losses,  but  the  consequences  of  early  squandering  of  power  often 
appear  later  in  life. 

A  specially  injurious  effect  upon  the  spinal  cord  is  ascribed 
by  many  physicians  to  coitus  practised  in  the  erect  posture  ;  it  is 
often  given  as  an  occasional  cause  of  acute  spinal  disease* 

The  effects  of  unnatural  gratification  of  the  sexual  appetite 
— onanism — are  exactly  the  same  as  those  of  the  natural  indul- 
gence. The  consequences  are  much  exaggerated,  but  neverthe- 
less they  do  exist,  and  are  much  more  pronounced  in  the  case  of 
certain  individuals — weakly,  irritable,  nervous  persons — than  in 
that  of  others.  Onanism,  commenced  early,  practised  frequently, 
and  continued  for  years,  must  be  most  decidedly  injurious.  The 
undue  irritation  of  the  nervous  system  which  it  causes,  occurring 
in  the  period  of  growth  and  development,  is  seldom  without  in- 
jurious results,  of  which  the  most  prominent  consist  in  weakness 
and  irritability  of  the  nervous  system. 

It  is  common  to  consider  onanism  much  more  dangerous  than  natural  coitus. 
This  does  not  seem  credible  to  us.  The  effect  upon  the  nervous  system  of  a  man 
must  be  tlie  same,  whether  the  friction  of  the  glans  is  effected  in  the  vagina  of  a 
female  or  in  some  other  way ;  tlie  nervous  shock  of  ejaculation  is  tlie  same ;  it 
might  even  be  naturally  supposed  that  the  nervous  excitation  would  be  greater  in 
case  of  connection  with  a  woman.  But  the  frequent  repetitions  of  excitement  at  an 
early  period  of  life,  which  are  caused  by  self-abuse,  are  certainly  very  dangerous ; 
and  it  is  furthermore  quite  certain  that  the  feeling  of  degradation — so  commonly 
felt,  and  so  well  grounded — the  perpetual  struggle  between  the  powerful  impulse 
and  the  moral  duty,  must  wear  and  exhaust  the  nervous  system.  These  circum- 
stances may  increase  the  evil  effects  of  onanism.  But  it  is  only  the  excess— i\mt 
which  for  the  individual  is  excessive — wliich  does  harm;  if  practised  to  a  moderate 
extent,  onanism  is  no  more  dangerous  than  natural  coitus.  There  are  not  a  few  men 
who  are  unable  to  obtain  the  natural  indulgence  owing  to  circumstances,  or  who  are 
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afraid  of  contagion,  or  who  think  onanism  less  degrading  than  contact  with  public 
prostitutes — who,  from  time  to  time,  practise  onanism,  certainly  without  injury  to 
their  health.    Of  the  moral  effects  of  this  vice  this  is  not  the  place  to  si^eak. 

A  similar  effect  is  produced  by  habitual  pollutions,  if  fre- 
qnently  repeated  for  years  together.  They  are  especially  com- 
mon in  onanists,  and  are  rather  to  be  taken  as  evidence  of  an 
existing  disorder,  than  as  liable  to  become  the  cause  of  such. 
But  even  in  such  cases  they  often  aggravate  the  difficulty. 

Finall}^,  in  delicate  and  nervous  persons,  very  destructive 
effects  upon  the  nervous  system  are  produced  by  long-continued 
sexual  excitement  witJiout  gratification,  such  as  often  occurs  in 
prolonged  and  very  affectionate  courtship. 

All  this  is  applicable  only  to  the  male  sex.  In  the  female, 
very  little  is  known  of  this  matter,  and  it  is  of  course  very  diffi- 
cult to  obtain  information.  I  have  never  found  that  public  pros- 
titutes exhibited  any  special  tendency  to  spinal  diseases. 

The  effects  of  sexual  excesses  find  a  parallel  in  all  sorts  of 
influences  which  give  rise  to  an  undue  strain  upon  the  nervous 
system,  and  especially  the  spinal  cord.  They  produce  exhaus- 
tion and  over-stimulation  more  or  less  quickly,  and  thereby 
increase  the  danger  of  disease.  Among  such  circumstances  may 
be  named  excessive  bodily  efforts,  marching,  climbing  of  moun- 
tains, riding,  etc.,  especially  when  the  supply  of  nourishment  is 
deficient,  and  sleep  is  insufficient ;  also  protracted  watching  by 
night,  deprivation  of  sleep,  violent  and  continuous  excitement  of 
passions,  and,  without  doubt,  also  excessive  mental  efforts,  espe- 
cially ■^lien  combined  with  other  injurious  agencies,  such  as 
severe  bodily  exertion  or  sexual  excesses. 

To  fhe  period  of  life  only  a  slight  predisposing  influence  upon 
certain  spinal  diseases  can  be  assigned ;  such  diseases  occur  at 
all  ages.  In  a  few,  however,  there  exists  a  decided  preference 
for  childhood,  and  in  others  for  adult  or  advanced  life.  The  ten- 
dency to  spinal  diseases  is  certainly  greater  in  adults,  as  will  be 
shown  in  the  special  part  of  this  work. 

Sex  has  still  less  predisposing  influence  than  age.  There  cer- 
tainly are  diseases  which  occur  much  oftener  in  men  than  in 
women,  as  tabes,  but  this  may  be  explained  by  the  fact  that  men 
are  much  more  exposed  than  women  to  certain  forms  of  injury. 
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To  genei'dl  disturbances  of  nutrition,  on  the  other  hand,  of 
the  greatest  variety  of  character,  we  may  ascribe  a  decided  pre- 
disposing influence ;  all  states  of  ana3mia  and  cachexia  depress 
the  nutrition  of  the  cord,  simultaneously  with  that  of  the  gene- 
ral sj^stem,  and  increase  its  susceptibility  to  morbific  agencies. 
Thus  may  be  explained  the  effect  of  loss  of  blood,  chronic  dis- 
turbances of  digestion,  severe  and  protracted  acute  diseases,  long- 
continued  loss  of  fluids,  etc. 

Among  the  incidental  causes  of  spinal  disease,  the  simplest 
and  most  direct  are  without  doubt  those  of  traumatic  origin. 
There  are  numberless  ways  in  which  this  may  take  place  direct- 
ly ;  cases  are  known  of  gunshot,  stabbing,  incised,  and  other 
wounds,  crushing  and  destruction  of  substance  by  fractures  or 
dislocations  of  the  vertebra,  shocks  from  severe  falls  or  railway 
collisions  (railway  spine  of  the  English),  and  so  forth.  No 
explanation  is  needed  of  their  mode  of  action,  or  of  their  conse- 
quences (inflammation,  softening,  necrosis,  degeneration,  etc.). 

In  close  relation  to  these  causes  stands  that  of  slow  compres- 
sion by  pathological  growths,  by  tumors,  abscesses,  new  forma- 
tions, exudations,  curvature  of  the  vertebrae,  etc.  Inflammation, 
secondary  degeneration,  etc.,  are  of  frequent  occurrence  in  these 
cases. 

Direct  propagation  of  neigliboring  morbid  processes  forms 
an  equally  evident  source  of  spinal  disease.  Thus,  inflammation 
and  suppuration  of  the  vertebral  bones  or  the  adjacent  soft  parts 
may  extend  to  the  membranes  of  the  cord,  or  to  the  cord  itself ; 
new  growths  may  intrude  upon  it,  the  gangrenous  inflapimation 
of  bed-sores  may  seize  upon  the  contents  of  the  spinal  cord,  etc. 

But  the  effect  of  exposure  to  cold,  evident  as  it  is  in  fact,  is 
quite  obscure  in  its  nature.  Nothing  is  more  certain  than  that, 
in  a  very  great  number  of  cases,  a  sudden  or  continued  cooling 
of  the  surface  of  the  body  is  followed  by  spinal  disease.  This 
has  been  seen  after  a  fall  into  the  water,  after  sleeping  on  the 
damp  ground,  sudden  drenching  of  the  clothes  or  exposure  to  a 
draft  when  the  body -is  heated,  bivouacking  in  snow  or  rain, 
working  in  ice,  in  damp  cellars,  in  cold  water,  etc.  There  are 
several  diseases  which  may  be  produced  in  this  way,  spinal  men- 
ingitis, myelitis,  tabes,  spinal  palsy  of  children,  tetanus,  etc. 
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Of  the  activity  of  this  cause  there  cannot  be  the  slightest  doubt ; 
its  effects  seem  most  decided  in  nervous,  irritable  persons  with 
predispositions  to  spinal  disease,  or  in  cases  where  other  injuri- 
ous agencies,  as  great  bodily  exertion,  mental  excitement,  etc. 
(as  in  military  campaigns),  have  come  into  play. 

But  the  manner  in  which  these  circumstances  act  is  still 
entirely  unknown  ;  it  is  probable  that  the  morbific  influence  con- 
sists in  a  reflex  action,  originating  in  the  skin.  But  we  have  only 
hypotheses  as  regards  the  way  in  which  this  influence  produces 
inflammations  and  other  disturbances  of  nutrition  in  the  cord. 
It  is  not  yet  certain  whether  a  cooling  of  the  blood  has  a  share 
in  the  result — the  lower  temperature  of  the  blood  being  supposed 
to  act  as  a  direct  stimulus  to  the  cord.  It  is  hard  to  conceive 
how  the  direct  action  of  cold  should  affect  in  any  other  way  an 
organ  so  deeply  placed  as  the  cord,  although  myelitis  can  be  pro- 
duced by  the  application  of  severe  cold  to  the  exposed  cord. 

We  are  still  wholly  in  doubt  as  to  the  reason  why  the  same 
cause  produces  in  one  person  tabes,  in  another  myelitis  of  the 
gray  anterior  cornua,  and  in  a  third,  meningitis  or  tetanus. 

Disturbances  of  circulation^  of  very  various  origin,  may  cause 
sundry  disturbances  of  the  spinal  cord  ;  hence  the  effect  of  sup- 
pressed menses,  of  hemorrhoidal  disease,  of  arterial  fluxions  and 
venous  congestions,  of  vaso-motor  disturbances,  of  embolism  and 
thrombosis,  atheroma  of  the  spinal  arteries,  etc. 

A  frequent  cause  of  spinal  disease  consists  in  excessive  exer- 
tion of  any  sort,  exhausting  the  cord.  In  this  category  are  in- 
cluded sexual  excesses,  when  practised  frequently  and  at  short 
intervals,  walking,  riding,  swimming,  or  other  muscular  acts 
which  go  beyond  the  natural  powers.  All  these  may  become  the 
point  of  origin  for  severe  spinal  disorders,  especially  when  they 
affect  predisposed  individuals,  or  when  other  agencies  coincide — 
as  that  of  cold ;  whence  the  frequency  of  these  affections  after 
laborious  campaigns,  bivouacs  in  winter,  etc. 

Psychical  influences  are  a  less  frequent  agency  in  the  produc- 
tion of  spinal  disease.  Fright,  alarm,  disgust,  etc.,  seem  to  have 
a  pretty  clear  connection  with  the  origin  of  general  and  diffused 
neuroses  (epilepsy,  chorea,  hysteria,  and  the  like) ;  but  not  to 
the  same  extent  with  that  of  spinal  diseases.   But  there  are  some 
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cases  in  wliicli  paralyses  and  other  disturbances  of  a  probably- 
spinal  nature  liave  been  seen  to  arise  from  purely  psychical 
states,  especially  fright  and  terror.  Thus,  J.  Russell  Reynolds' 
observed  the  occurrence  of  paraplegia  in  a  young  lady,  arising 
from  a  fear  of  the  disease  ;  she  was  nursing  her  father,  who  was 
paraplegic.  Hine "  saw  an  acute  and  fatal  myelitis  in  a  pregnant 
woman,  caused  by  violent  emotion.  Leyden  reports  a  case  of 
paraplegia  caused  by  fear  at  the  breaking  out  of  a  conflagration, 
and  Kohts '  tells  of  similar  occurrences  at  the  bombardment  of 
Strasburg.  It  is  quite  uncertain  how  we  ought  to  interpret  these 
facts,  and  whether  the  psychical  emotions  act  through  the  vaso- 
motor paths,*  or  whether  they  may  directly  produce  a  disturb- 
ance of  the  finer  processes  of  nutrition  in  the  central  nervous 
elements. 

Certain  intoxications  present  well-known  spinal  symptoms  ; 
such  are  poisoning  with  strychnia,  arsenic,  phosphorus,  lead, 
etc.  Some  of  these  poisons  seem  to  have  the  power,  when  long 
continued,  to  produce  marked  spinal  diseases ;  for  example, 
lead. 

The  local  dmelopment  of  various  infectious  diseases^  acute  or 
chronic,  is  of  great  importance  in  etiology.  Syphilis,  by  becom- 
ing localized  in  the  vertebral  column,  the  membranes,  or  the  cord 
itself,  may  lead  to  spinal  symptoms  ;  tuberculosis  not  seldom 
attacks  the  cord  and  its  membranes  ;  and  of  the  acute  infectious 
diseases  there  is  one  (meningitis  cerebro-spinalis)  of  which  the 
chief  seat  is  the  pia  mater  cerebro-spinalis.  To  these  must  be 
added  the  cases,  not  few  in  number,  of  spinal  affections  follow- 
ing acute  diseases  (typhoid,  acute  exanthemata,  intermittent, 
influenza,  pneumonia,  etc.),  which,  as  a  rule,  must  be  regarded 
not  as  a  specialized  localization  of  the  original  process,  but  rather 
as  somewhat  accidental  complications  of  the  latter,  dependent  on 
a  local  predisposition  established  by  the  acute  disease. 

A  very  frequent  source  of  spinal  disease  is  found,  lastly,  in 


'  Remarks  on  Paralysis,  etc.,  Dependent  on  Idea.  Brit.  Med.  Jour.  No.  6.  1869, 
p.  483. 

'  Med.  Times.  18C5.  Aug.  5. 

'  Berl.  klin.  Wochenschrift.  1873.  Nos.  24-26, 

*  In  the  third  case  of  Kohta  the  menses  were  instantly  suppressed  by  fright. 
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irritation  and  disease  of  peripheral  organs.  Of  this  we  have 
already  numerous  proofs.  Paraplegia  has  been  seen  with  espe- 
cial frequency  following  severe  and  obstinate  dysenteries  and 
other  intestinal  diseases,  and  chronic  affections  of  the  kidneys 
and  bladder  ;  in  many  cases  the  autojDsy  has  shown  myelitis  to 
be  the  cause  of  the  paraplegia.  Such  occurrences  have  been  less 
frequently  observed  in  uterine  disease,  which  is  more  commonly 
followed  by  hysterical  palsies — though  the  latter  also,  in  some 
cases,  are  certainly  of  spinal  origin.  Myelitis  has  also  been  ob- 
served to  follow  peripheral  lesions  of  nerves,  diseases  of  joints, 
and  so  forth ;  the  tetanus  whicli  follows  injuries  of  nerves  and 
peripheral  lesions  certainly  belongs  to  this  class. 

All  these  processes  have  long  been  studied  with  great  zeal ; 
they  have,  in  fact,  been  made  into  a  special  class  of  rejlex  disor- 
ders (usually  termed  rejlex  paralyses),  because  they  have  been 
commonly  supppsed  to  originate  in  the  reflex  way  from  periphe- 
ral irritation.  But  the  theory  of  these  reflex  diseases  is  in  dis- 
pute to  this  day ;  and  the  number  of  works  written  upon  them  is 
very  large.'  We  have  discussed  this  point  in  another  place;' 
the  statements  there  made  relate  chiefly  to  reflex  paraj)legia  and 
the  myelitis  which  causes  it,  and  we  may  therefore  refer  to  that 
place,  to  avoid  repetitions.  The  spinal  disturbances  which  fol- 
low peripheral  irritation  or  disease  cannot,  therefore,  as  a  general 
thing,  be  referred  to  a  purely  reflex  disturbance  of  function ; 
they  must,  for  the  most  part,  be  dependent  on  coarser  changes 
of  nutrition  (inflammation,  softening,  exudation)  in  the  cord. 
Regarding  the  connection  of  the  latter  with  the  primary  irrita- 
tion, we  are  not  yet  fully  in  possession  of  the  facts  ;  it  is  in  part 
effected  by  an  ascending  neuritis,  of  the  existence  of  which  there 


'  Eor  more  miuute  information  we  refer  the  reader  to  the  following  :  Leyden,  TJeber 
Reflexliihmuug.  Volkmann's  Saramlung  klin.  Vortr.  No.  2.  1870. — Lewisson,  Hemmuug 
der  Thatigkeit  der  motorischen  Nervencentren,  etc.  Reichert  u.  Du  Bois'  Archiv.  1869. 
— Feinhevg,  Ueber  Reflexlahmung.  Berl.  klin.  Wochenschrift.  1871. — Tiesler,  Ueber 
Neuritis.  Diss.  Konigsberg.  1869. — Broicn-Se guard,  Lectures  on  the  Diagnosis  and 
Treatment  of  the  Principal  Forms  of  Paralysis  of  the  Lower  Extremities.  London. 
1861. — Jaccoud^LeB  paraplegies  et  I'ataxie  du  mouvement.  1864. —  W.  G'w^,  Med.-chir. 
Transact.  Vol.  39.  1856.  p.  195. 

5  See  Vol.  XI.  p.  399. 
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is  no  doubt ;  but  in  other  cases  the  inflammation  is  transmitted 
to  the  cord  in  tlie  reflex  way. 

A  few  attempts  liave  lately  been  made  to  settle  this  question, 
but  without  much  success.  The  investigation  by  Roessingli ' 
threatens  to  set  us  back  a  step,  as  he  has  arrived  at  entirely  nega- 
tive conclusions  in  his  repetition  of  the  experiments  of  Lewisson 
and  Feinberg. 

Klemm's'  laborious  studies  leave  room  for  many  questions 
and  doubts.  They  by  no  means  prove  tliat  a  direct  propagation 
of  the  inflammation  takes  place  along  the  nerve  to  the  central 
organ  :  an  extension  Ijy  leaps  was  all  that  was  proved.  In  this 
ease,  therefore,  and  especially  where  inflammation  is  transmitted 
to  the  symmetrically  situated  nerve  of  the  opposite  side  of  the 
body,  without  demonstrable  affection  of  the  central  organs,  the 
only  explanation  is  that  which  assumes  a  sort  of  reflex  transmis- 
sion. The  process  may  be  essentially  like  that  in  which  ex- 
posure of  the  skin  to  cold  produces  inflammation  of  the  spinal 
cord.  In  so-called  "reflex  paralysis,"  the  ii-ritation  is  of  an- 
other sort,  and  acts  upon  some  other  organ  than  the  skin. 

The  question  of  reflex  disease  of  the  cord  is  certainly  still  in 
doubt,  and  is  in  great  need  of  further  clinical  and  experimental 
study. 


C.  General  Diagnosis  of  Diseases  of  the  Spinal  Cord. 

Wlien  we  encounter  a  complicated  nervous  affection,  the  first 
step  to  be  taken  is  a  careful  enumeration  of  the  existing  disturb- 
ances. The  first  and  most  important  point  is,  to  test  all  the  de- 
partments of  the  nervous  system,  and  thus  to  ascertain  the 
existence,  the  grouping,  the  succession,  and  the  history  of  each 
symptom.   The  diagnosis  is  made  from  the  total  of  all  these. 

The  next  question  is  always  that  of  the  location  of  the  dis- 
ease ;  the  organ  affected ;  in  nervous  diseases,  the  choice  lies 

'  Bijdrage  tot  de  Theorie  der  Reflexparalyse.  Nederl.  Tijdschr.  vor  Geneesk.  1873. 
Bd.  I.  No.  53.  See  VirchowHirsch's  Jahresb.  for  1873.  Bd.  II.  p.  44. 
■■'  Ueber  Neuritis  migrans.  Diss.  Strasab.  1874. 
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between  the  brain,  tlie  medulla  oblongata,  the  spinal  cord,  the 
peripheral  nerves,  and  the  sympathetic. 

The  reply  to  this  question,  in  the  case  of  the  spinal  cord,  often 
involves  great  difficulties.  We  may,  it  is  true,  follow  the  good 
old  rule,  to  place  the  point  of  lesion  at  a  spot  where  all  the  affected 
paths  lie  nearest  together.  But  this  rule  often  goes  but  little 
way  with  the  spinal  cord,  both  because  all  the  paths  which  it 
contains  pass  into  the  peripheral  nerves,  and  may  be  diseased  in 
them,  and  also  because  a  plurality  of  seats  of  disease  is  possible, 
and,  in  the  case  of  the  central  nervous  system,  is  very  common. 
There  is  no  function,  quite  specifically  peculiar  to  the  cord,  the 
impairment  of  which  would  lead  us  at  once  to  recognize  an  affec- 
tion of  the  cord :  this  statement  is  true,  even  in  regard  to  the 
disturbances  of  reflex  activity. 

When,  therefore,  disturbances  of  the  sensory  and  motor  sys- 
tem, of  the  vaso-motor  and  the  reflex  functions,  of  the  trophic 
conditions  and  of  the  genito-urinary  functions,  etc.,  coexist,  and 
in  parts  which  directly  depend  on  the  cord  for  their  innervation, 
then  there  is  a  great  probability  that  the  cord  is  affected  ;  but 
certainty  does  not  exist  until  we  have  excluded  the  affections  of 
the  peripheral  paths.  This  is  certainly  possible  in  many  cases, 
but  not  in  all;  there  are,  for  instance,  diseases  of  the  cauda 
equina,  which  cannot  be  distinguished  with  certainty  from  those 
of  the  cord,  and  the  same  is  true  of  extensive  disease  of  the 
nerve-roots,  etc. 

In  such  dubious  cases,  various  means  may  be  employed  to 
confirm  the  diagnosis,  such  as  the  data  of  the  histor}'-  of  the  case, 
or  the  causal  factor,  which  often  give  us  an  opportunity  to  infer 
a  definite  seat  of  lesion. 

By  far  the  best  aid  is  that  furnished  by  experience,  which 
teaches  us  that  certain  well-characterized  groups  of  symptoms 
correspond  to  very  definite  lesions  of  the  cord.  We  are  in  pos- 
session of  a  series  of  groups  of  this  sort,  which  can  without 
hesitation  be  recognized  as  dependent  on  disease  of  the  spinal 
cord  ;  thus,  tabes  dorsalis,  the  so-called  acute  spinal  paralysis  of 
children  and  adults,  sclerosis  of  the  lateral  columns,  progressive 
muscular  atrophy,  tetanus,  and  man}'-  others. 

Experience  goes  still  further ;  it  often  gives  us  notice  by  a  few 
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symptoms,  often  by  a  single  one,  of  a  threatening  or  actually 
present  disease  of  the  cord,  because  the  constant  or  almost  con- 
stant, coincidence  between  the  symptom  and  the  disease  has  be- 
come established  through  observation ;  thus,  for  instance,  tabes 
may  often  be  recognized  by  a  precursory  atrophy  of  the  optic 
nerve,  or  by  lancinating  pains. 

It  therefore  follows  that  in  order  to  form  a  correct  and  sure 
diagnosis  of  a  spinal  disease,  we  need  not  only  a  very  careful  and 
comprehensive  investigation,  not  only  an  accurate  statement  and 
estimation  of  the  etiological  and  other  elements,  but  also  an 
intimate  acquaintance  with  the  whole  of  the  pathology  of  the 
cord,  and  a  good  bit  of  practical  experience. 

There  remain,  however,  a  few  cases  in  which  the  diagnosis 
may  be  difficult,  and  in  which  the  spinal  location  of  the  disease 
is  not  quite  certain.  It  then  becomes  necessary  to  distinguish 
the  spinal  from  the  peripheral  disease,  on  the  one  hand,  and 
from  the  cerebral  on  the  other — which  is  often  very  difficult. 
We  must,  however,  here  confine  ourselves  to  naming  a  few  points 
which  will  assist  diagnosis  in  given  cases. 

In  favor  of  a  peripheral  localization,  the  following  circum- 
stances may  be  mentioned :  Limitation  of  the  disturbances  to 
single  nerves  or  branches  of  nerves ;  exact  coincidence  of  the 
motor,  sensory,  vaso-niotor,  and  trophic  disturbances  with  the 
distribution  of  a  peripheral  nerve  ;  absence  of  retarded  conduc- 
tion of  sensation  ;  absence  of  all  reflex  action  ;  absence  of  weak- 
ness of  the  bladder  and  the  sexual  functions,  etc.,  in  case  the 
sacral  nerve  itself  is  not  the  seat  of  disease ;  presence  of  great 
disturbance  of  the  trophic  function  ;  certain  results  of  electrical 
examination  ;  ^  the  existence  of  a  known  local  cause  of  lesion. 

In  favor  of  a  cerebral  location  we  may  have  the  following 
(among  others) :  hemiplegic  distribution  of  the  disturbances,  with 
the  sensory  and  motor  disturbances  upon  the  same  side  ;  unequal 
intensity  of  the  sensory  and  the  motor  disturbances  ;  absence  of 
all  trophic  disturbance ;  entirely  normal  electric  reaction ;  re- 
tention or  exaggeration  of  all  spinal  reflex  acts  ;  retention  of 
associate  movements  and  automatic  movements,  and  of  the  rectal 


'  See  Vol.  XI.  p.  445. 
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and  vesical  functions ;  presence  of  disturbance  of  the  higher 
senses,  and  of  various  cerebral  nerves  (except  so  far  as  well 
known  to  be  often  involved  in  spinal  disease),  of  disturbances 
of  speech  and  of  the  mental  functions ;  finally,  the  presence  of 
headache,  giddiness,  and  causeless  vomiting. 

In  favor  of  the  spinal  seat  of  disease,  the  following  circum- 
stances may  be  used  in  evidence :  the  usually  paraplegic  distri- 
bution of  symptoms;  crossing  of  motor  and  sensory  disturbances 
in  case  of  hemiplegic  symptoms ;  sensation  of  a  girdle  at  the 
upper  limit  of  the  other  disturbances  ;  change  in  a  portion  of  the 
spinal  reflex  acts  (exaggeration  or  weakening) ;  weakness  of  the 
genito-urinary  functions ;  paralysis  of  the  rectum ;  trophic  dis- 
turbances, bed-sores,  etc.;  definite  parfesthesise,  retardation  of 
the  conduction  of  sensory  impressions ;  disturbance  of  certain 
automatic  movements  ;  the  peculiar  local  limitation  of  spasms  of 
cerebral  origin  ;  absence  of  psychical  changes,  and  usually,  of  dis- 
turbances of  the  higher  organs  of  sense  and  the  cerebral  nerves. 

It  must  also  be  noted  that  all  these  points  possess  by  no 
means  an  absolute,  but  only  a  very  conditional  value  ;  that  their 
significance  is  very  often  not  decisive,  except  in  connection  with 
many  other  symptoms,  so  that  they  cannot  be  made  useful  for 
diagnostic  purposes  except  after  a  very  careful  estimation  of  all 
circumstances. 

When  we  have  decided  that  the  cord  is  the  seat  of  disease,  we 
have  to  proceed  to  localize  tlie  lesion  within  the  cord.  In  doing 
this,  the  distribution  of  the  symptoms,  especially  those  of  paral}^- 
sis,  usually  furnishes  an  excellent  point :  it  is  often  possible  to 
decide  within  a  hair's  breadth  to  what  height  in  the  cord  a  certain 
affection  extends,  and  the  gradually  upward  progress  may  often 
be  followed  in  a  very  beautiful  manner.  While  thus  the  upper 
limit  of  a  lesion  is  usually  very  easily  recognized,  the  same  is  not 
equally  true  of  the  lower  limit,  and  it  is  often  hard  to  decide 
whether  the  lesion  is  diffuse  or  circumscribed  as  respects  the 
longitudinal  section  of  the  cord.  Yet  there  are  certain  points 
which  indicate  that  the  lower  portions  of  the  cord  are  intact ;  the 
principal  of  these  (see  General  Symptoms)  are  those  relating  to 
the  reflex  function,  that  of  the  bladder  and  rectum,  and  the 
nutrition  of  skin  and  muscles. 
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This  is  the  case  when  disease  extends  over  the  entire  trans- 
verse diameter  of  the  cord,  and  to  some  extent,  also,  in  the  longi- 
tudinal direction  of  the  cord. 

AVe  are  enabled  by  experience  to  recognize  also  diseases  con- 
fined to  limited  parts  of  the  transverse  section  ;  such  may  also 
extend  to  a  greater  or  less  distance  in  the  longitudinal  axis. 
Thus  we  can  distinguish  the  affections  of  the  separate  white  col- 
umns, the  anterior  and  the  central  gray  matter,  etc.  ;  those  of 
the  white  posterior  columns  (probably  only  the  outer  divisions) 
furnish  the  symptoms  of  tabes  dorsalis  (see  the  special  part) ; 
that  of  the  white  lateral  columns,  the  symptoms  of  Charcot's 
lateral  sclerosis  (which  see) ;  that  of  the  anterior  gray  cornua  in 
its  acute  form,  the  symptoms  of  infantile  spinal  paralysis;  in  its 
chronic  form,  probably  those  of  progressive  muscular  atrophy  ; 
disease  of  one  lateral  half  of  the  cord,  symptoms  of  Brown- 
Sequard's  unilateral  lesion  ;  disease  of  the  central  gray  substance 
gives  rise  to  an  equally  characteristic  group,  and  in  general,  the 
implication  of  the  gray  substance  may  be  recognized  by  the  dis- 
turbances of  nutrition,  of  reflex  action,  of  electrical  reaction,  etc. 

Thus,  in  many  cases,  it  is  possible  to  decide  very  accurately 
with  regard  to  the  seat  and  location  of  the  lesions  in  relation  to 
the  longitudinal  and  transverse  sections  of  the  cord  ;  it  is  certain 
that  the  perfection  of  the  methods  of  anatomical  research,  recently 
applied  to  the  diseased  cord,  will  soon  add  much  to  our  means 
of  diagnosis.  And  a  good  deal  remains  to  be  done,  for  there  are 
considerable  parts  of  the  transverse  section,  the  lesions  of  which 
have  never  yet  been  brought  into  relation  with  any  group  of 
symptoms. 

It  remains  for  us  to  decide  the  nature  of  the  lesion — whether 
paralysis  or  irritation,  inflammation  or  degeneration,  softening 
or  atrophy  and  sclerosis,  compression  or  bleeding  or  other  lesions, 
are  present  in  the  cord. 

It  is  difficult  to  establish  general  diagnostic  rules  for  this ; 
symptoms  of  irritation  (spasm,  pain,  increased  reflex  action)  will 
incline  us  to  infer  a  corresponding  pathological  state  ;  symptoms 
of  paralysis  will  point  rather  to  degenerative  processes,  softening 
or  compression  and  destruction  of  the  cord  ;  but  we  must  be  cau- 
tious in  these  inferences,  since  both  sorts  of  symptoms  and  both 
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patliological  conditions  are  very  often  combined,  and  the  same 
disease  in  its  progress  not  seldom  leads  to  a  manifold  alternation 
of  symptoms. 

But,  as  a  rule,  more  and  better  points  can  be  derived  from  tlie 
results  of  experience,  from  the  development  and  order  of  succes- 
sion of  the  symptoms,  from  the  history  of  the  case,  the  etiology, 
the  objective  examination,  etc. 

It  would  lead  us  too  far  to  attempt  to  give  and  analyze  ex- 
amples of  even  a  portion  of  the  possible  cases  here  alluded  to. 
We  shall  find  opportunity  for  doing  this  in  the  special  part  of 
this  work.  Our  present  object  is  confined  to  indicating  the  points 
for  diagnosis,  and  the  methods  and  instruments,  the  precautions 
and  the  care,  required  in  order  to  render  the  diagnosis  exact. 
As  regards  complications,  we  will  only  say,  in  brief,  that  they 
must  be  ascertained  and  judged  according  to  the  usual  diagnos- 
tic rules. 


lY.  General  Therapeutics  of  Diseases  of  the  Spinal  Corfl. 

This  branch  of  our  subject  presents  many  weak  sides.  In 
most  diseases  of  the  cord,  our  success  in  the  use  of  remedies  is 
rather  small.  The  general  opinion  regarding  spinal  diseases,  that 
they  are  nearly  or  quite  incurable,  is  but  too  well  founded. 

It  is  true  that  we  have  recently  had  to  modify  this  view 
essentially.  A  great  number  of  curable  diseases  have  been  re- 
ferred to  a  spinal  origin  ;  and,  on  the  other  hand,  the  prognosis 
in  many  chronic  spinal  diseases  has  been  much  improved  by  the 
progress  of  therapeutics. 

Yet  much  remains  to  be  done.  And  above  all,  we  must  learn 
how  to  recognize  the  diseases,  before  we  can  treat  them  ration- 
ally ;  we  are  still  at  the  threshold  of  exact  knowledge  of  the 
pathology  of  the  cord,  and  the  scientific  therapeutics  of  its  dis- 
eases is  still  in  its  first  stage. 

The  attempt  to  state  the  general  principles  of  treatment  at  this 
day  seems  hazardous,  so  small  is  the  material,  and  so  uncritically 
reported.    The  attempt  will  nevertheless  be  made  to  present  the 
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remedies  which  are  used  in  disease  of  the  cord,  and  especially 
those  which  we  have  reason  to  suppose  exercise  a  decided  in- 
fluence over  that  organ.  For  the  present,  we  must  be  content 
with  such  a  mere  attempt. 

The  indications  in  spinal  disease  are  very  numerous,  consist- 
in"-  of,  a,  the  removal  of  so-called  functional  disturbances  (intan- 
gible  disturbances  of  nutrition),  especially  those  of  a  chronic 
sort ;  &,  alteration  of  disturbances  of  circulation  (hypera3mia  and 
anaemia)  ;  c,  the  cure  of  acute  anatomical  changes  (acute  inliam- 
mation,  softening,  hemorrhage,  etc.)  ;  and,  finally,  d,  the  removal 
of  chronic  anatomical  changes  (degeneration,  atrophy,  sclerosis, 
induration,  new  formations,  etc.). 

All  the  usual  methods  of  treatment  are,  of  course,  employed 
for  these  objects,  with  suitable  modifications  to  adapt  them  to 
the  seat  of  the  disease  ;  the  functional  disturbances  are  remedied 
by  regulation  of  the  function,  by  slight  stimulation  of  the  latter, 
by  alteration  and  improvement  of  the  nutrition  and  sanguifica- 
tion ;  for  disturbances  of  circulation,  we  have  a  variety  of  means 
for  acting  on  the  vaso-motor  system  and  the  vessels ;  acute  in- 
flammatory processes  are  treated  by  antiplilogistics,  derivation, 
etc. ;  the  chronic  alterations  are  usually  attacked  by  alterative, 
exciting,  and  derivative  procedures.  In  the  cure  of  these  chronic 
cases  nature  has,  of  course,  the  chief  part  to  play  ;  w^e  have  only 
to  supply  the  most  favorable  conditions  for  repairing  the  disor- 
ders, to  excite  the  desired  change  in  the  general  nutrition  by  cer- 
tain remedies,  by  promoting  the  formation  of  blood  and  the  pro- 
cesses of  nutrition,  by  stimulating  the  metamorphosis  of  tissue, 
by  regulating  the  function  of  the  diseased  parts,  and  so  on.  For 
more  particular  remarks  the  reader  is  referred  to  the  special 
part  of  this  work. 

We  shall  here  give  the  remedies  and  methods  in  general, 
which  are  adapted  to  the  above  indications,  and  shall  attempt  to 
make  their  mode  of  action  intelligible  upon  scientific  principles. 
This  attempt  is  made  rather  in  the  hope  of  stimulating  exact 
study  than  as  an  exhaustive  presentation;  such  a  presentation 
would  be  forbidden  by  the  limits  of  the  present  work. 

We  shall  first  devote  a  section  to  the  very  important  group  of 
external  or  'physical  remedies^  then  speak  of  the  very  scanty  list 
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of  internal  remedies  ;  in  a  third  section  a  series  of  symptomatic 
remedies  and  methods  will  be  mentioned,  which  may  be  employed 
according  to  occasion  in  any  spinal  disease ;  and  in  the  fourth 
section  the  general  regimen  and  diet. 

1.  Physical  Remedies. — External  Remedies. 

Cold. 

The  application  of  cold  to  living  tissues  first  depresses  their 
temperature,  and  lessens  the  supply  of  blood  by  ischsemia  ;  this 
retards  the  processes  of  metamorphosis,  and  limits  those  of  exu- 
dation and  emigration ;  at  the  same  time  the  excitability  and 
conductibility  of  the  nervous  apparatus  are  depressed. 

Hence  are  derived  the  leading  indications  for  the  use  of  cold 
in  inflammations,  hyperemias,  and  exudations,  and  also  in  cases 
where  there  is  abnormal  excitement  in  the  nervous  system,  pains, 
and  spasm. 

In  accordance  with  the  latest  researches  of  Riegel '  and  F. 
Schultze,"  it  can  hardly  be  doubted  that  the  cord  can  be  reached 
directly  by  the  action  of  cold,  although  the  thickness  of  the 
parts  overlying  it  is  so  great  that  a  very  powerful  and  continu- 
ous application  of  ice  along  the  line  of  the  spine  is  necessary  to 
produce  that  effect.  The  effects  of  Chapman's  well-known  vaso- 
motor therapeutics  are  also  in  favor  of  the  possibility  of  such  an 
action. 

Chapman,'  by  the  applicatiou  of  ice- or  of  warmth  to  the  spine,  produces  a  pow- 
erful action  upon  the  cord  and  its  vessels.  He  states  that  the  continuous  applica- 
tion of  ice  produces  ischfemia  of  the  cord,  lessening  the  reflex  irritability'  and  the 
other  functions ;  alternate  application  of  ice  and  warmth  increases  the  flow  of 
blood  and  the  manifestation  of  energy  upon  the  part  of  the  cord  ;  repeated  brief 
applications  of  ice  at  longer  intervals  produces  similar  but  less  marked  effects; 
and,  finally,  by  application  of  ice  to  the  back  we  can  increase  the  circulation  in 
those  peripheral  regions  which  receive  their  vaso-motor  neiTes  from  the  ijortion  of 
the  cord  thus  treated. 

'  VirchoVs  Archiv.  Bd.  59.  Heft  1. 

°  Locale  Einwirkung  des  Eises  auf  den  thier.  Organismus.  Deutsch.  Arch.  kliu.  Med. 
XIII.  p.  SOO.  1874. 

8  Med.  Times  and  Gaz.  July  18,  1863. 
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Besides  this  direct  action,  a  reflex  influence  may  be  exerted 
by  the  cutaneous  nerves,  as  excited  or  depressed  by  the  stimulus 
of  cold ;  tliis  has  not  yet  been  carefully  studied. 

The  application  of  cold  to  the  spinal  cord  may  be  made  either 
by  a  common  ice-bag  or  by  several,  if  required,  or  (better)  by 
Chapman's  bags  ;  the  complicated  apparatus  of  Koopman  '  does 
not  seem  to  be  required.  Less  energetic  and  more  transitory  ef- 
fects can  be  obtained  by  cold  irrigation  or  cold  affusion  of  the 
back.  S  ^WtST-RiUINU 

f   ^ICO'CHIRUHGICAL  S'  CIETY 
Warmth. 

The  effects  of  warmth  are  in  many  respects  the  opposite  to 
those  of  cold  ;  it  raises  the  temperature  of  the  tissues,  increases 
the  flow  of  blood  towards  them,  and  increases  the  excitability  of 
nervous  apparatus.  We  therefore  expect  from  its  action  an  in- 
creased transformation  of  tissue,  or  stimulation  of  the  processes 
of  nutrition,  and  a  consequent  repair  of  defects  of  nutrition, 
removal  of  atrophy,  degeneration,  sclerosis,  etc.  It  is  believed 
to  be  an  excellent  remedy  for  increasing  the  process  of  resorp- 
tion of  fluid  or  solid  material,  and  for  repairing  chronic  processes 
of  inflammation.    It  furthermore  often  soothes  pain  and  spasms. 

The  way  in  which  warmth  acts  upon  the  cord  has  not  been 
much  studied.  It  is  even  doubtful  whether  it  penetrates  directly 
to  the  cord  when  applied  externally — though  it  probably  does 
so.  On  the  other  hand,  the  reflex  action,  effected  by  means  of 
the  cutaneous  nerves,  is  certainly-not  to  be  underestimated. 

The  results  to  be  expected  from  its  use  are  :  dilatation  of  the 
blood-vessels,  an  increase  in  the  quantity  of  the  current  of  blood 
and  the  other  fluids,  and  of  the  processes  of  tissue-change  in  the 
cord,  an  increased  facility  and  rapidity  in  the  nervous  processes, 
and  finally,  a  removal  of  excitements  which  often  affect  the  cord, 
originating  in  the  cutaneous  nerves. 

It  follows  from  this,  in  what  morbid  conditions  of  the  cord 
the  application  of  warmth  will  be  considered  most  desirable. 
But  let  it  not  be  forgotten  that  warmth  is  known  to  be  easily 
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capable  of  producing  over-excitement  and  exhaustion,  leading 
to  congestive  states  of  the  cord,  and  that  the  use  of  warmth 
is  contra-indicated  in  all  cases  where  such  results  are  to  be 
dreaded. 

The  methods  of  applying  warmth  are  very  simple  :  cataplasms, 
hot  sand-bags.  Chapman's  caoutchouc  bags  filled  with  hot  water 
and  laid  along  the  spine  ;  hot- water  fomentations,  or  (the  mildest 
form  of  all)  Priessnitz' s  wet  wraps,  which  gradually  warm  them- 
selves. 


Baths. 

Compare  Braun,  Balneotherapie.  3.  Aufl.  1873. — Valentiner,  Handb.  der  Balneo- 
therapie.  IQIZ.—Seegen,  Heilquellenlehre.  3.  Aufl.  1862.— Helfft-Thilenius, 
Handb.  der  Balneotherapie.  8.  Aufl.  1874. — Dwand-Fardel,  De  la  valour  des 
eaux  min6rales  dans  le  traitement  des  parapl6gies.  Bull,  de  Th6rap.  Mai  30. 
1857.  —  Qotth.  Scholz,  Ueber  Ruckenmarkslahmung  und  ihre  Behandlung 
durch  Cudowa.  Liegnitz.  1872. — Runge,  Die  Bedeutung  der  "Wassercuren  in 
chronischen  Krankheiten.  Arch.  f.  klin.  Med.  XII.  p.  207.  1873. — Fr.  Rich- 
ter,  Ueber  Temperatur  und  Mechanik  der  Badeformen  bei  Tabes  und  chron. 
Myelitis.  Deutsch.  Zeitschr.  f.  prakt.  Med.  1875. 

Baths  form  a  very  important  group  of  remedies  in  complaints 
of  the  spinal  cord.  Great  results  must  be  ascribed  to  them,  in 
most  of  the  chronic  forms.  It  is  very  difficult,  however,  to  define 
their  mode  of  action  and  their  indications,  partly  on  account  of 
our  defective  knowledge  of  spinal  pathology,  partly  because  the 
subject  of  balneotherapeutics  has  as  yet  received  but  little  scien- 
tific development.  The  diagnosis  of  spinal  disease  is  certainly  in 
a  very  defective  condition  ;  our  ideas  regarding  the  anatomical 
changes,  as  existing  in  individual  cases  and  at  determined  peri; 
ods,  are  equally  imperfect ;  hence  the  uncertainty  in  regard  to 
indications,  and  the  wide  room  for  empirical  treatment,  which 
too  often  passes  beyond  the  allowed  limit  of  experiment. 

We  will  here  speak  of  the  different  forms  of  baths,  and  their 
mode  of  action  as  taught  by  the  science  of  balneotherapeutics, 
and  shall  attempt  to  state  which  forms  are  most  suitable  for  the 
treatment  of  different  spinal  diseases  or  groups  of  sjnnptoms. 
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Warm  BatJis 

have  from  time  immemorial  been  a  favorite  method  of  treat- 
ing diseases  of  the  spinal  cord— especially  paralyses,  which  ns- 
nally  form  the  chief  part  of  such  as  come  for  balneological  treat- 
ment. This  has  been  especially  true  of  the  indifferent  or  acrato- 
thermje  ;  but  the  w^eak  brine  baths,  alkaline  waters,  sulphur- 
baths,  etc.,  containing  unimportant  amounts  of  salt  and  gas,  are 
quite  similar  to  their  mode  of  action.  The  same  is  true  of  steam- 
baths,  hot  sand-baths,  and  the  like. 

The  effect  of  warm  baths  is  first  seen  upon  the  skin,  in  which 
a  Q-reat  dilatation  of  the  cutaneous  vessels  occurs,  followed  later 
by  a  moderate  contraction.  Thereby  the  circulation  in  the  skin 
is  hastened,  and  a  great  evaporation  and  sweating  follows,  which 
is  rendered  easier  by  the  removal  of  the  upper  layers  of  epider- 
mis. At  the  same  time,  the  organism  receives  an  access  of 
warmth,  or,  at  least,  is  enabled  to  lay  up  a  part  of  its  own  store 
of  heat.  Thus  the  processes  of  oxidation  are  furthered,  and  the 
discharge  of  most  of  the  functions  of  the  body  is  facilitated, 
which  accounts  for  the  refreshing  effect  of  a  warm  bath  when  one 
is  greatly  fatigued. 

For  our  purpose,  the  effects  may  be  summarized  as  follows  : 
The  warm  bath  increases  the  facility  of  all  the  chemico-physical 
processes  in  the  system,  leading  to  stimulation  of  the  metamor- 
phosis of  tissue  and  freedom  of  function,  without  any  subsequent 
reaction  from  excessive  stimulation.  At  the  same  time,  by  shel- 
tering the  body  from  the  continual  change  of  temperature  of  the 
outer  air,  it  acts  as  a  sedative.  By  the  fluxion  of  blood  to  the  skin 
it  changes  the  distribution  of  this  fluid,  and  acts  as  a  derivative 
in  congestions  of  internal  organs  ;  it  acts  as  a  resorbent  by  stim- 
ulating the  nerve-centres,  by  changing  the  course  of  the  blood, 
and  by  the  production  of  sweat,  and  by  washing  out  the  system. 

Warm  baths  are  best  borne  by  feeble  individuals,  whose 
power  of  resistance  and  of  making  heat  are  weakened.  Their 
effect  depends  very  greatly  upon  their  temperature.  If  this  be 
indifferent  (32°-36°  C.  [90°  to  97°  Fahr.] ),  they  are  believed  to  act 
chiefly  as  sedatives  ;  warm  and  very  warm  baths  (36°-42°  C.  [97° 
to  108°  Fahr.])  are  more  stimulating,  produce  strong  excitement 


166   ERB. — DISEASES  OF  THE  SPHSTAL  CORD  AND  ITS  ENVELOPES. 

of  the  blood-vessels,  much  sweating,  increase  of  tissue-changes. 
Lukewarm  baths  (28°-32°  C.  [83°  to  90°  Fahr.] )  are  believed  to 
have  a  special  depriment  effect  in  the  case  of  nervous,  irritable 
persons. 

As  the  temperature  rises,  therefore,  the  exciting  qualities 
become  more  prominent ;  as  it  sinks,  the  soothing. 

The  geographical  site  of  the  baths  must  be  considered,  together 
with  the  temperature,  especially  in  the  case  of  indifferent  thermje, 
for  experience  seems  to  show  that  the  higher  the  site  the  higher 
may  be  the  temperature  that  is  borne,  and  that,  the  more  irri- 
table the  patient  is,  the  more  elevated  may  be  the  spot  to  which 
he  is  sent  for  cure.    This  is  an  important  point  in  practice. 

The  indications  which  follow  from  these  principles  are  not 
easy  to  state.  Most  of  the  circumstances  are  very  complicated. 
If  we  confine  our  attention  to  the  most  prominent  symptoms,  the 
matter  seems  very  easy  ;  when  the  symptoms  of  irritation  pre- 
ponderate, and  irritability  is  very  marked  (sj)inal  irritation),  we 
choose  rather  the  soothing  baths  ;  if  symptoms  of  depression  are 
prominent  (anfesthesia,  paralysis,  etc.),  the  exciting  baths  at  a 
higher  temperature. 

But  unless  we  consider  that  a  decided  degree  of  irritable 
weakness  not  only  may  be,  but  usually  is  present  in  cases  of 
spinal  paralytic  affection,  and  that  in  such  cases  we  usually 
have  to  do  with  an  extremely  irritable  and  exhausted  nervous 
system  ;  unless  we  bear  in  mind  that  important  disturbances  of 
circulation  and  nutrition  are  usually  present  in  the  most  impor- 
tant organs,  which  may  possibly  be  affected  injuriously  by  the 
warm  baths,  it  will  be  impossible  to  avoid  false  steps.  Nor  have 
they  been  avoided,  in  fact ;  certain  spinal  diseases  (tabes,  mye- 
litis, etc.)  have  often  been  made  worse  by  too  warm  baths. 

The  degenerative  and  sclerotic  forms  of  spinal  disease  seem  to 
require  the  greatest  care  in  this  respect,  and  we  are  yet  in  need, 
before  we  can  be  quite  safe  in  using  them,  of  a  more  careful 
study  of  the  special  action  of  thermae  upon  these  disturbances  of 
nutrition. 

Our  remedy,  therefore,  has  not  merely  a  directly  exciting  or 
composing  influence  upon  the  nervous  system,  but  also  one  of  far 
greater  consequence,  namely,  the  alterative  action  which  it  exer- 
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cises  (by  virtue  of  increasing  tlie  metamorphosis  of  tissue  and 
changing  the  direction  of  the  blood-current)  upon  coarse  and  fine 
disturbances  of  nutrition.  We  shall  not  be  able  to  define  the 
indications  until  the  latter  mode  of  action  is  better  understood. 

The  warm  springs  are  now  used  in  exhaustion  of  the  spinal 
cord  after  typhoid  and  other  severe  diseases,  or  excesses  of  any 
kind  ;  in  spinal  irritation  (moderately  warm  baths) ;  in  paraplegia 
from  shock  to  the  cord  (energetic  use  of  very  warm  baths) ;  in 
tabes  (avoid  very  warm  baths !  select  baths  of  indifferent  temper- 
ature) ;  in  myelitis  and  softening  of  the  cord  (slightly  warm) ;  in 
meningitis  exsudativa  (all  warm  springs,  especially  those  of  higher 
temperature),  etc. 

Fr.  Richter  believes  that  only  baths  of  a  moderate  warmth  or 
moderate  coolness  ought  to  be  used  in  chronic  inflammatory  or 
atrophic  affections  of  the  cord.  The  warmer  baths  (from  32.5° 
C.  [90°  Fahr.]  upwards)  are  considered  by  him  the  best  adapted 
for  chronic  inflammatory  states  of  the  cord  with  preponderant 
symptoms  of  irritation. 

We  give  the  following  list  of  the  most  frequented  warm 
springs,  with  the  height  above  the  sea-level  and  the  temperature 
of  the  water :  Schlangenbad  (900' ;  30-32.5°  C.  [86°  to  90°  Fahr.] ) ; 
Badenweiler  (1,425' ;  30-32.5°) ;  Landeck  (1,398' ;  31.0-32.5°  [88°  to 
90°  Fahr.] ) ;  Wildbad  (1,323' ;  35.0°  [95°  Fahr.] ) ;  Ragatz  (1,570' ; 
38.0°  [100.5°  Fahr.]);  Pfeffers  (2,115';  38.0°) ;  Romerbad  (755'; 
38.0°);  Gastein  (3,315';  32.5-40.0°  [90°  to  104°  Fahr.]);  Warm- 
brunn  (1,100';  40.5°  [105°  Fahr.]);  Wiesbaden  (323' ;  34.0-40.0° 
[94°  to  104°  Fahr.] ) ;  Teplitz  (648' ;  37.5-42.5°  [99°  to  108°  Fahr.] ) ; 
Leuk  (3,309' ;  39.0-50.0°  [102°  to  122°  Fahr.] ) ;  Baden-Baden  (616' ; 
46.0-68.0°  [115°  to  164°  Fahr.]);  Plombieres  (1,310';  19.0-62.0° 
[66°  to  144°  Fahr.] ).  A  proper  selection  may  be  made  by  attend- 
ing to  the  special  indications,  the  individual  conditions,  etc. 

Weak  brine-baths  (containing  not  more  than  one  per  cent,  of 
chlorides),  most  sulplmr-baths,  and  the  weak  alkaline  springs  act 
exactly  like  indifferent  springs,  and  may,  according  to  circum- 
stances, be  used  in  their  place. 

8team-hat7is,  liot  sand  haths,  liot  air-hatJis  are  of  a  very  high 
temperature ;  they  produce  powerful  stimulation  and  diaphore- 
sis, and  may  be  of  use,  especially  from  the  latter  peculiarity,  in 
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very  torpid  cases  of  meningitis  exsudativa.  But  it  is  always 
necessary  to  exercise  the  greatest  caution  in  emjDloying  them  for 
spinal  complaints.  ; 

The  so-called  Scotch  douche  (alternation  of  hot  and  cold 
water)  produces  a  very  exciting  effect  upon  the  skin  and  the  ner-  ' 
vous  system  ;  it  has  also  been  recommended  in  spinal  paralysis  ;  j 
it  requires  to  be  used  with  great  caution. 

li 

1; 

Brine-Baths 

are  very  like  warm  baths  in  their  effects ;  the  action  of  tempera- 
ture is  'the  same  in  both  cases,  to  which  the  effect  of  the  salt 
contained  must  be  added.    The  most  suitable  proportion  is  be- 
tween two  and  four  per  cent.    The  special  effect  of  this  ingredi- 
ent appears  in  a  powerful  stimulus  of  the  nutrition  and  circula- 
tion of  the  skin,  increase  of  the  change  of  tissue,  repair  of  j 
disturbed  nutrition,  increase  of  resorption.    On  account  of  the  \ 
exciting  effect  of  the  salt,  their  temperature  may  be  somewhat 
lower  than  that  of  the  plain  warm  baths.    Their  indications  in    '  i 
spinal  disease  are  the  same  as  those  for  warm  baths ;  and  besides, 
the}'"  are  often  prescribed  for  the  causal  indication,  in  treating  | 
scrofula,  vertebral  disease,  caries,  etc.  | 

The  air  of  the  salt-pans,  -which  may  be  breathed  in  many  places  -while  the  patient  j 
is  taking  his  bath,  is  cool,  refreshing,  ozonized,  and  in  the  case  of  many  irritable  j 
patients  is  much  to  be  desired  as  an  accessory.  ' 

The  warm  hrine-hatlis  containing  gas  are  far  more  important 
than  the  simple  warm  ones.  This  class  is  represented  by  Rehrae- 
Oeynhausen,  Nauheim,  the  Schonbornsprudel  in  Kissingen,  and 
the  Soolsprudel  in  Soden  a.  T.  Their  effect  is  due  to  their  tem- 
perature and  the  salt  they  contain,  in  the  first  place,  and,  next,  to 
the  abundance  of  carbonic  acid,  which  acts  as  a  powerful  excitant 
of  the  skin  and  the  nervous  system.  Its  direct  effect  is  a  moder- 
ate subtraction  of  heat,  followed  immediately  by  a  reaction,  dur- 
ing which  the  withdrawal  of  heat  continues,  and  at  the  same 
time  a  continuous  stimulation  of  the  nervous  centres.  It  is  as  it 
were  a  combination  of  the  stimulating  and  calming  effects  of  the 
cool  and  the  warm  bath. 
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The  result  is  a  general  improvement  of  nutrition  and  the  or- 
ganic functions  ;  hence,  resorption  and  removal  of  pathological 
products ;  at  the  same  time,  excitement  of  the  nervous  system 
may  improve  the  nutrition  of  that  department. 

These  batlis  are  cool ;  they  must  not  exceed  32°C.  [90°  Fahr.] ; 
they  are  usually  taken  without  moving  the  water,  but  if  we  wish 
to  increase  the  effect,  the  water  may  be  agitated. 

They  are  indicated  in  weakness  of  the  spinal  cord  following 
difficult  convalescence  or  other  exhausting  influences,  in  tabes, 
in  paralysis  after  meningitis,  in  myelitis,  spinal  paralysis  of  chil- 
dren, spinal  irritation,  etc. 

LEEDS &WEST-RmiNU 

GlialyUate  5a^;^,,^IC0"CHiRURGlGAL  irTY 

so-called,  are  baths  with  a  very  slight  amount  of  iron,  a  more  or 
less  considerable  amount  of  salt,  and  a  very  considerable  quan- 
tity of  carbonic  acid. 

Their  action  is  usually  referred  by  balneologists  to  their  tem- 
perature and  the  carbonic  acid  they  contain,  while  the  amount 
of  iron  is  believed  to  be  insignificant.  The  physicians  continue 
to  swear  by  the  springs,  but  they  fail  to  make  a  probable  argu- 
ment for  the  effects  of  the  iron,  except  as  used  internally. 

It  is  certain  that  these  baths,  owing  to  the  presence  of  car- 
bonic acid,  are  among  the  most  powerful  stimulants  of  all,  if 
warmed  with  precaution,  so  as  to  retain  as  much  of  the  gas  as 
possible. 

They  are  indicated  wherever  the.  thermal  brine  baths  with 
much  gas  are  required  ;  they  should  be  avoided  in  all  conditions 
in  which  great  excitation  is  to  be  feared ;  but  they  should  be 
applied  wherever  we  have  to  do  with  a  torpid,  inexcitable  state 
of  the  nervous  system,  especially  when  anaemia  is  likewise 
present. 

Wliile  in  general  the  use  of  steel-baths  abounding  in  Cog  is 
held  unadvisable  in  diseases  of  the  cord,  and  they  are  admitted 
only  in  very  special  forms  ol"  functional  disturbance,  Scholz  has  re- 
cently attempted  to  save  the  credit  of  the  steel-baths,  especially 
those  of  Cudowa,  in  spinal  cases,  and  has  stated  their  indications 
and  results  with  exactness.    He  recommends  them  very  highly 
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for  clironic  congestion  of  the  cord,  especially  in  ana3mic  persons 
and  tlie  subjects  of  nervous  exhaustion  ;  only  by  exception  in 
spinal  meningitis,  limiting  their  use  to  torpid  individuals,  and 
cases  of  a  sluggish  nature  ;  also  in  the  initial  stages  of  chronic 
myelitis,  with  hope  of  success  proportional  to  the  weakness  and 
anjemia  of  the  individual  and  the  sluggishness  of  the  case  ;  in  the 
"primary"  form  of  tabes,  without  inflammatory  symptoms, 
under  the  same  conditions  ;  finally,  in  all  cases,  for  the  sequelae 
of  spinal  concussion,  as  soon  as  the  stage  of  excitement  is  past. 
The  best  results  are  obtained  with  mitigated  baths  (diluted  with 
fresh  water). 

Although  Scholz's  presentation  is  not  wholly  convincing,  yet 
it  is  proved  that  steel-baths,  if  used  with  care,  are  capable  of 
doing  good  service  in  many  even  severe  cases.  They  deserve  to 
be  tried  thoroughly. 

Among  waters  of  this  class  the  following  deserve  mention : 
Schwalbach  (900'),  Pyrmont  (400'),  St.  Moritz  (4500'),  Briickenau 
(915'),  Driburg  (633'),  Franzensbad  (1300'),  Cudowa  (1235'),  the 
Kniebisbader  (1200-1900'),  etc. 


Moor-Batlis  and  Mud-Batlis, 

so-called,  form  a  separate  class.  Their  action  is  as  yet  far  from 
being  explained  ;  it  cannot  yet  be  stated  with  definiteness.  A 
part  of  the  effect  is  due  to  their  quality  as  warm  baths,  but  this 
is  accomplished  in  some  entirely  specific  and  not  yet  understood 
way,  since  they  are  much  less  exciting  than  warm  springs.  They 
seem  indicated  wherever  the  thermal  treatment  is  desirable,  but 
its  stimulant  action  is  not  likely  to  be  well  borne;  especially, 
therefore,  in  weakly,  irritable,  and  anaemic  constitutions.  Espe- 
cial benefit  has  been  observed  in  spinal  irritation  and  the  so- 
called  tabes  dolorosa,  then  in  paraplegias  and  contractures  conse- 
quent upon  myelitis,  lateral  sclerosis,  compression  of  the  spinal 
cord,  etc. 

The  tem^ierature  and  duration  must  be  regulated  according  to 
individual  peculiarities. 

Good  moor-baths  are  found  in  Franzensbad,  Marienbad,  Tep- 
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litz,  Driburg,  Briickenaii,  Meinberg,  Elster,  Eilsen,  Nenndorf, 
Liebwerdii,  Pyrniont,  Reinerz,  etc. 

Pine-needle  baths,  which  have  been  much  used  and  praised,  are  only  warm 
baths,  in  which  a  powerful  stimulus  is  applied  to  the  skin,  not  by  high  tempera- 
tures or  by  Coa,  but  by  the  ethereal  oil  and  the  extract  of  pine  twigs.  They  may 
be  used  wherever  the  more  stimulating  forms  of  thermal  treatment  are  indicated. 

Among  the  most  important  agencies  that  we  possess  are 
the  cold  and  cool  baths,  including  the  use  of  cold  water  in  the 
greatest  variety  of  forms— what  is  commonly  known  as 

Tlie  Gold-water  Treatment. 

This  treatment,  having  of  late  years  been  administered  in  a 
rational  manner  and  closely  studied,  has  much  increased  in 
popularity.  Its  results  in  all  possible  forms  of  chronic  nervous 
troubles  are  extraordinarily  good. 

There  is  as  yet  no  entire  agreement  in  respect  to  the  theory 
and  the  mode  of  action  of  the  cold-water  treatment.  The  condi- 
tions are  very  complicated,  and  it  has  naturally  happened  that 
individual  practitioners  of  the  method  have  reached  more  or  less 
one-sided  views  ;  some  consider  the  exciting  or  depressing  effects 
upon  the  nervous  system  the  principal  thing,  while  the  effect  in 
modifying  the  change  of  material  is  subordinate ;  others  try  to 
refer  all  the  effects  to  the  vaso-motor  action  upon  the  skin,  while 
a  third  party  sees  an  explanation  of  all  the  leading  phenomena 
in  the  alterative  action  upon  the  metamorphosis  of  tissue. 

It  is  certain  that  in  the  cold-water  treatment  we  observe  on 
the  one  hand  an  action  upon  the  cutaneous  nerves,  and  thence 
transferred  to  the  entire  nervous  system ;  also,  effects  upon  the 
cutaneous  blood-vessels,  and  through  them  upon  the  distribution 
of  the  blood  throughout  the  circulation  ;  and  finally,  changes  in 
the  circulation  and  the  entire  process  of  transformation  of  tissue, 
to  which  must  be  ascribed  a  very  special  influence  upon  the  cure 
of  severe  chronic  diseases. 

Our  present  knowledge  of  the  subject  amounts  to  about  the  following : 
A  direct  action  upon  the  nervous  system,  of  an  exciting  or  a  dej>ressing  nature,  can 
be  produced  by  the  application  of  cold  water ;  the  subtraction  of  warmth  acts  as  a 


172   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 


depressaut,  the  stimulus  of  the  cold  as  an  excitant.  According  to  the  form,  the 
temperature,  the  duration  of  the  baths,  we  can  make  the  one  or  the  other  effect 
more  prominent  (Petri). 

The  soothing  efiEect  is  always  produced  where  the  same  portion  of  water  remains 
in  constant  contact  with  the  slcin,  as  in  half,  full,  and  sitz  baths  without  motion ; 
in  the  wet  pack,  in  wet  rubbing  without  moving  the  cloth. 

The  exciting  effect  is  always  produced  when  the  layer  of  water  in  contact  with 
the  body  is  continually  changed,  so  that  the  stimulus  of  cold  is  constantly  renewed ; 
that  is,  in  half,  full,  and  sitz-baths  with  agitation,  in  rubbing  down  with  a  cloth 
which  is  moved,  in  washing,  affusion,  shower-baths,  douches,  surf -baths,  sea- 
baths. 

The  lower  the  temperature  of  the  water,  the  more  quickly  and  forcibly  do  these 
effects  appear.  The  exciting  action  of  the  baths  may  be  increased  by  previously 
wrapping  the  patient  in  dry  blankets,  while  at  the  same  time  an  excessive  loss  of 
heat  is  prevented,  as  the  quantity  lost  in  the  bath  is  no  greater  than  what  has  been 
saved  by  the  wraps ;  this  method  is  therefore  of  special  value  for  persons  who  need 
to  save  their  strength.  A  frequent  repetition  of  these  excitations  increases  the  energy 
of  the  nervous  system. 

In  regard  to  the  circulation,  tlie  following  effects  are  to  be  seen  in  the  shin,  due 
for  the  most  part  to  nervous  influence:  great  ischa;mia,  goose-flesh,  shivering, 
and  soon  (though  at  various  intervals),  dilatation  of  the  vessels,  increased  amount 
of  blood,  increased  secretion  from  the  skin  and  perspiration,  increased  development 
of  warmth.  These  are  the  symptoms  of  reaction,  which  occurs  with  different 
degrees  of  facility  in  different  persons,  and  is  of  very  great  importance  in  the  cold- 
water  treatment.  In  order  to  its  proper  development,  a  certain  measure  of  force,  a 
certain  resistance  is  required ;  in  badly  nourished,  weak,  irritable,  and  antemic  per- 
sons, or  those  with  degenerative  disease  of  important  organs,  it  occurs  much  less 
readily ;  for  this  reason  these  persons  do  not  bear  the  cold-water  treatment. 

The  reaction  is  lively  and  vigorous  in  proportion  to  the  lowness  of  the  tempera- 
ture of  the  water  and  its  degree  of  motion,  that  is,  the  force  of  the  stimulus.  It  is 
favored  by  rubbing  the  skin  at  the  same  time,  and  especially  by  energetic  mechani- 
cal dry-rubbing  after  the  application  of  the  cold. 

A  frequent  repetition  of  these  actions  upon  the  skin  increases  the  circrilation  and 
nutrition  of  the  skin  permanently,  thereby  producing  a  change  in  the  distrihution  of 
the  Hood.  A  more  important  effect  is  its  derivative  action  upon  chronic  congestions 
of  internal  organs,  especially  the  spinal  cord.  But  this  can  only  be  obtained  with 
safety  when  at  the  same  time  all  injurious  irritation  of  the  diseased  organ  is  avoided. 

The  cold  water  may  act  more  directly  upon  the  circulation  in  intei-nal  organs,  by 
producing  ischjemia  of  these  organs  through  reflex  action ;  thus,  Runge  states  that 
quite  cold  baths,  applied  to  the  lower  extremities,  have  a  direct  vaso-motor  action 
upon  the  cord,  diminishing  the  quantity  of  blood  contained  in  it.  But  in  aiming  at 
this,  it  is  important  that  the  reaction  in  the  skin  should  have  developed  before  that 
in  the  spinal  vessels  is  commenced,  in  order  tliat  the  secondary  hypera;mia  may  be 
directed  principally  to  the  skin.    For  this  purpose  it  is  useful  to  apply  water  not 
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merely  to  the  whole  surface,  but  especially  to  the  parts  which  are  related  more 
closely  to  the  affected  organ,  that  is,  the  skin  of  the  lower  extremities  and  the  back. 

In  regard  to  the  processes  of  nutrition  and  change  of  tissue,  it  is  settled  beyond 
a  doubt  tliat  every  subtraction  of  warmth  from  the  outer  skin  is  followed  by  a  con- 
siderable increase  in  the  production  of  warmth  (this  forms  a  portion  of  the  phenom- 
ena of  reaction) ;  tliat  the  secretions  increase,  the  appetite  is  improved,  etc.  It  is 
further  probable  that  the  repeated  excitation  of  the  nervous  system  has  directly  an 
influence  upon  the  changes  of  tissue,  increasing  the  formation  and  destruction  of 
most  of  the  tissues ;  and  that  the  nutrition  of  the  portions  of  the  central  nervous 
system  which  are  affected  by  the  stimulus  is  stimulated  and  improved.  "We  are  in- 
clined to  believe  that  this  method  will  certainly  cure  slight  disturbances  of  tlie 
nutrition  of  the  cord,  and  that,  under  some  circumstances,  even  severe  degrees  of 
change  may  be  gradually  repaired. 

In  brief,  then,  cold  water  acts  as  follows :  It  strengthens  the 
functions,  improves  the  nutrition,  increases  the  circulation  of 
blood,  in  the  skin ;  it  thus  alters  the  distribution  of  the  blood, 
and  the  process  of  circulation  in  the  system  ;  it  relieves,  at  first 
temporarily,  afterwards  permanently,  hypersemia  of  internal 
parts  (F.  Richter)  ;  it  quiets  or  excites  the  nervous  system  in 
various  degrees ;  it  tones  the  nervous  system  by  the  functional 
excitement  and  by  the  improved  nutrition;  it  accelerates  the 
process  of  change  of  tissue,  and  increases  the  total  nutrition  ;  it 
promotes  resorption  and  formation. 

If  we  add  to  this  the  effects  which  may  be  had  from  certain 
forms  of  baths,  the  increased  sweating,  the  consequences  of  the 
increased  consumption  of  water,  the  muscular  movements  which 
are  necessarily  increased,  the  effects  of  diet,  climate,  altitude  in 
the  case  of  cold-water  cures,  it  becomes  evident  that  we  possess 
but  few  remedies  which  have  so  powerful  and  various  an  influ- 
ence upon  the  nervous  system. 

In  point  of  fact,  the  cold-water  cure  has  been  much  and 
advantageously  employed  in  diseases  of  the  cord.  Thus,  for 
conditions  of  irritable  weakness  of  the  cord  (chiefly  by  withdraw- 
ing caloric  and  moderate  stimulation — cold  wraps  kept  on  till 
warm  ;  rubbing  down  with  moderate  friction),  for  passive  hyper- 
a;mia  of  the  cord  (washing  and  affusion  of  the  back,  stimulant 
sitz-baths,  and  long-continued  moist  cold  wraps  applied  to  the 
body),  for  fluxionary  hypenemia  (soothing  friction,  soothing 
sitz-baths  with  cold  compresses  on  the  back,  etc.),  for  tabes  dor- 


174   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

salis  (chiefly  mild  treatment,  according  to  circumstances  more 
stimulating  or  soothing),  for  chronic  myelitis  (the  same). 

The  greatest  attention  must  always  be  paid  to  the  individual ; 
it  should  not  be  forgotten  that  every  powerful  action  of  cold 
produces  a  powerful  reaction,  to  sustain  which  a  certain  amount 
of  force  is  needed  ;  for  which  reason,  let  none  be  subjected  to  the 
treatment  but  those  who  possess  a  certain  power  of  resistance. 
Weakly,  irritable,  anaemic  persons  bear  only  the  more  soothing 
or  the  very  mildly  exciting  procedures,  under  certain  precau- 
tions. In  all  cases,  it  may  be  set  down  as  a  rule  that  the  tem- 
perature should  not  be  below  20°  C.  [68°  Fahr.],  unless  special 
trial  shows  that  lower  temperatures  are  vv^ell  borne. 

Tlie  Sea- Bath 

is  a  special  and  very  important  form  of  the  cold-water  treatment. 
Its  effects  are  very  energetic,  because  several  factors  coincide, 
among  which  the  sea-air  is  by  far  the  most  important.  It  is, 
properly  speaking,  a  climate  cure  associated  with  a  very  power- 
fully stimulant  form  of  the  cold-water  treatment  (/.  e.,  a  full  bath 
in  vigorous  motion,  at  a  very  low  temperature).  The  proportion 
of  salt  in  the  water  of  the  North  Sea,  the  Mediterranean,  and  the 
Atlantic  is  equivalent  to  that  in  a  brine  bath  of  medium  strength, 
and  serves  to  increase  the  action  upon  the  skin. 

The  result  is  a  great  increase  in  the  change  of  tissue,  increased 
excretion  and  formation,  increased  need  of  nourishment,  increase 
of  bodily  weight,  tonic  action  upon  the  nervous  S3'"stem. 

But  the  sea-bath  is  adapted  only  to  able-bodied  persons, 
whose  appetite  and  digestion  keep  pace  with  the  requirements 
made  upon  the  system.  Weak  persons  with  feeble  appetites  or 
bad  stomachs  are  not  suited  ;  the  most  that  can  be  done  for  them 
is  to  cause  them  to  enjoy  the  sea-air,  or,  in  some  cases,  to  add 
thereto  the  benefits  of  bathing  in  warmed  sea- water. 

The  very  powerful  stimulant  and  refrigerant  effects  of  sea- 
baths  make  them  unfit  for  most  cases  of  spinal  disease.  They 
are  useful  in  spinal  irritation  and  spinq.1  weakness,  but  only  in 
able-bodied  persons ;  in  tabes  and  similar  diseases,  only  in  the 
lightest  form  and  at  the  very  beginning,  or  as  a  concluding  treat- 


GENERAL  THERAPEUTICS. 


175 


ment  after  cure  is  nearly  complete— but  only  when  the  organs  of 
assimilation  are  in  a  fairly  good  condition.  In  any  case,  the 
hatlis  must  be  used  Avitli  great  care,  and  the  chief  value  ascribed 
to  the  breathing  of  sea-air,  to  the  climate  cure. 

Climate  Cures 

Tliere  exist  no  spinal  climate  cures  for  disease  of  the  spinal 
cord.  But  it  is  known  that  a  very  favorable  influence  is  exer- 
cised upon  many  severe  neuroses,  including  those  of  spinal  origin, 
especially  when  of  a  functional  nature,  by  certain  climates  and 
regions. 

The  sea-air,  of  which  we  have  spoken,  is  an  example  of  this. 
Ver}^  much  the  same  is  true  of  the  mountain  air;  it  has  the  same 
power  of  stimulating  the  changes  of  tissue  and  the  appetite,  it 
aids  the  performance  of  sensory  and  motor  functions  ;  the  bodily 
exercise  taken  in  the  mountains  has  an  especially  enlivening 
effect  upon  the  nervous  system.  The  higher  and  drier  the  site, 
the  more  marked  are  these  tonic  effects — as,  for  example,  in  the 
Ober-Engadin. 

Beneke '  has  made  comparative  examinations  of  the  action  of 
sea  and  mountain  air,  and  has  reached  the  conclusion  that  the 
increase  of  metamorphosis  of  tissue  is  decidedly  greater  at  the 
sea-shore  than  on  mountain-summits  (3,000  -6,000'),  because  the 
subtraction  of  heat  is  quicker  and  greater.  Irritable,  nervous 
people,  who  cannot  bear  great  alteration  of  tissue,  had  better 
choose  a  residence  in  the  mountains.  Experience  confirms  this 
in  a  satisfactory  manner. 

Every  one  knows  the  beneficial  effects  of  a  continued  resi- 
dence in  various  elevated  places  in  Switzerland,  the  Tyrol,  etc., 
upon  so  many  nervous  patients,  those  with  spinal  irritation, 
spinal  weakness,  impotence,  and  so  forth.  And  in  the  more 
severe  cases,  the  same  may  be  recommended  as  after-treatment. 

The  choice  among  suitable  places  is  extremely  large:  it 
should  be  made  with  careful  regard  to  all  individual  peculi- 
arities. 

'  Zur  Lehre  von  der  DifFerenz  der  Wirkung  der  Seeluft  und  der  Gebirgsluffc. 
Deutsch.  Arch.  f.  klin.  Med.  XIII.  p.  80.  1874. 
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After  thus  enumerating  the  different  forms  of  baths  and  their 
modes  of  action,  let  us  formulate  briefly  the  indications,  giving 
some  theoretical  deductions,  which  may  be  of  use  to  the  begin- 
ner as  a  clew  to  treatment,  though  they  require  much  further 
confirmation  by  practice. 

a.  Furely  f  unctional  disturbances  of  the  cord,  fine  changes 
in  nutrition  without  demonstrable  alterations — as  in  spinal  irri- 
tation, spinal  weakness,  concussion  without  coarse  lesion,  etc. 
For  the  treatment  of  these  we  may  take  into  consideration  warm 
springs,  thermal  brine  baths  abounding  in  gas,  steel -baths  abound- 
ing in  gas,  the  cold-water  cure,  sea-bathing,  and  mountain  cli- 
mates. The  selection  must  depend,  firstly,  upon  the  individual- 
ity,of  the  'patient ;  for  irritable,  weak  j)ersons  without  much  en- 
durance, let  the  acrato-thermse  be  chosen  ;  tlie  more  irritable  the 
subject,  the  higher  should  be  the  location.  Or  at  most,  a  mild 
cold-water  cure  with  moderate  temperatures.  For  more  vigor- 
ous persons  with  good  digestion,  the  cold-water  treatment  and 
the  sea-bath,  or  the  thermal  brine  baths,  may  be  considered.  For 
very  torpid  persons,  the  same  baths  and  the  steel  springs.  The 
choice  must  further  depend  on  the  morbid  symptovis  and  their 
personal  variation ;  with  violent  symptoms  of  irritation  in  very 
irritable  patients,  the  cooler  acrato-thermfe,  the  more  soothing 
forms  of  the  cold-water  method,  sea-air,  a  mountain  climate ; 
with  preponderant  symptoms  of  debility  in  torpid  persons,  the 
warm  springs,  the  stimulant  forms  of  the  cold-water  treatment, 
the  thermal  brine  springs,,  steel-baths,  and  sea-baths. 

b.  Hypermmic  states  of  the  cord  and  its  membranes.  For 
passive  hyper£emia  (so-called  h^emorrhoidal  tabes,  etc.)  the 
stimulant  methods  of  cold-water  treatment,  steel-baths,  and 
thermal  brine  baths  are  the  best.  The  thermse  are  contra-indi- 
cated. For  active  hypergemia,  select  the  more  soothing  forms  of 
the  cold-water  treatment,  combined  with  derivation  to  the  skin 
(soothing  frictions  and  sitz-baths  with  cold  compresses  to  the 
back,  etc.).  Tliermal  brine  baths  and  steel-baths  require  great 
precaution.    Warm  springs  and  sea-baths  will  usually  do  harm. 

c.  Chronic  inflammation  of  the  spinal  membranes,  especially 
if  associated  with  fluid  exudation.  Here  warm  springs,  thermal 
brine  baths,  a  powerful  cold-water  treatment  will  be  useful ;  in 
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short,  anything  that  promotes  resorption  and  vigorously  stimu- 
lates the  processes  of  metamorphosis  of  tissue— but  always  sub- 
ject to  the  distinctions  and  contra-indications  already  stated 
under  a. 

d.  Chronic  textural  changes  in  the  cord  itself :  inflammation, 
degeneration,  softening,  atrophy,  sclerosis,  etc.  Little  is  to  be 
expected  except  in  the  earlier  stages  of  these  complaints,  and  in 
slight  cases.  The  object  is,  to  stimulate  moderately  the  trans- 
mutation of  tissue,  and  the  cord,  so  as  to  remove  the  disturbance 
of  nutrition  ;  and  for  this  purpose  warm  springs,  thermal  brine 
baths,  steel-baths,  moor-baths,  and  cold-water  treatment  are  use- 
ful. But  we  must  always  be  extremely  prudent.  We  should 
remember  that  our  patients  are  almost  ahvays  irritable  and  weak 
persons,  suffering  from  a  serious  organic  lesion,  incapable  of 
enduring  any  severe  shocks  ;  and  that  any  increase  of  the  hyper- 
emia of  the  cord  may  prove  dangerous  to  them.  Therefore,  use 
only  warm  springs  of  an  indifferent  or  lukewarm  temperature  ; 
mild  cold-water  cures ;  mitigated  steel-baths ;  well-regulated 
thermal  brine  baths.  Consider  that  the  effect,  at  best,  must  be 
slow  and  gradual,  and  that  the  cure  cannot  be  completed  by  a 
stay  of  four  or  six  weeks  at  the  baths. 

The  selection  among  the  different  baths  should  be  made 
according  to  the  peculiarities  of  the  individual ;  that  of  the  spe- 
cial method,  according  to  the  character  of  the  case,  the  leading 
symptoms,  concomitant  hypersemia,  etc.  In  general,  avoid  in- 
dulging too  much  hope  in  these  cases  ! 

Such  are  the  general  principles  for  the  balneo-therapeutic 
treatment  of  disease  of  the  cord.  In  the  special  part  we  shall 
see  how  far  they  may  be  applicable  to  the  different  classes  of 
disease.  Progressive  experience  will,  without  doubt,  greatly 
modify  them. 

A  great  deal  might  be  added  under  this  important  head,  b\it 
we  have  not  the  space.  It  must  be  constantly  remembered  that 
attention  to  individuals  is  of  the  first  importance.  An  exact 
diagnosis  and  a  thorough  estimate  of  the  individual  must  go 
hand  in  hand  in  forming  plans  for  treatment.  And  complica- 
tions, causes,  external  conditions  often  have  to  be  considered,  so 
that  the  selection  is  extremely  diflSlcult.    The  physician's  practi- 
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cal  tact  and  skill  liave  here  a  wide  field  for  displaying  them- 
selves. 

Electricity. 

Bemak,  Galvanotherapie.  1858.  p.  443  et  seq.  Application  du  courant  constant  au 
traitement  des  nfivroses.  Paris.  1865. — Ranke,  Ueber  krampfstillende  Wirkung 
des  constanten  elektrischen  Stroms.  Zeitschrift  f.  Biologie.  II.  1866. — Flies, 
Galvanotherap,  Mittheilungen.  Deutsche  Kliuik.  1868. — Erh,  Galvanotherap. 
Mittheilungen.  Arch.  f.  klin.  Med.  III.  1867. — The  Same,  Anwendung  der 
Elektricitat  in  der  innern  Medicin.  Volkmann's  Sammlung  klin.  Vortr.  No.  46. 
1872. — Brenner,  Untersuchungen  imd  Beobachtungen  auf  dem  Gebiete  der 
Elektrotherapie.  Bd.  II.  1869.  p.  81. —  Uspenslcy,  Einfluss  des  const.  Stroms  auf 
das  R.-M.  Centralbl.  f.  d.  med.  Wiss.  1869.  No.  37.—BurcJc?iardt,  Ueber  die 
polare  Methode.  Arch.  f.  klin.  Med.  VIII.  p.  100.  1870.— Ziemssew,  Elektrici- 
tat in  der  Medicin.  4.  Aufl.  1872.  pp.  24,  37,  and  143. — Also  the  text-books  of 
electro-therapeutics  by  M.  Meyer,  Duchenne,  BenediM,  M.  Rosenthal,  Beard  and 
Rockwell,  and  others. 

!N"o  other  remedy  has,  within  a  recent  period,  gained  so  mnch 
ground  as  electricity  in  the  treatment  of  spinal  disease.  But  few 
can  be  compared  with  it  for  activity.  It  is  among  the  numer- 
ous services  rendered  by  Remak  that  he  brought  spinal  disease 
within  the  sphere  of  scientific  galvano-therapeutics,  and  obtained 
many  striking  successes  with  that  treatment. 

At  first,  great  obstacles  stood  in  the  way  of  a  general  accept- 
ance of  his  views  ;  first,  the  doubt  as  to  the  possibility  of  reach- 
ing the  cord  with  the  electric  current,  which  was  expressed  by  no 
less  an  authority  than  Ziemssen ;  and  then  a  scepticism  in  re- 
spect to  the  genuineness  of  his  successes,  which  was  in  part  justi- 
fied by  the  excessive  claims  of  the  specialists,  and  in  part  was 
supported  by  the  failures  which  unavoidably  occurred  in  old, 
severe,  and  absolutely  incurable  cases. 

These  obstacles  are  now  overcome ;  no  one  now  doubts  the 
possibility  of  reaching  the  spinal  cord  with  the  electric  current, 
and  the  numerous  and  unanimous  experience  of  almost  all  elec- 
tro-therapeutists no  longer  allows  us  the  right  to  doubt  that  elec- 
tricity has  accomplished  many,  in  some  cases  very  remarkable, 
cures  in  diseases  of  the  cord,  and  that  it  has  essentially  improved 
the  hopeless  prognosis  of  many  spinal  diseases. 
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We  must  therefore  pay  especial  attention  to  this  remedy. 
In  this  place  we  have  only  to  speak  of  the  direct  treatment  of 
the  lesion  of  the  cord.  For  in  most  diseases  of  this  sort  there  are 
two  things  to  be  distinguished :  the  electrical  treatment  of  the 
cord  itself  and  its  affection,  and  the  treatment  of  separate  symp- 
toms of  the  affection.  Each  of  these  two  may  be  attended  to 
separately,  or  they  may  be  combined.  As  to  the  second  point, 
we  refer  to  the  proper  section  in  Volume  XI.  of  this  Cyclopaedia, 
in  which  the  electrical  treatment  of  paralyses,  ansesthesise,  neu- 
ralgias, spasms,  etc.,  is  given  in  full. 

Here  we  encounter  at  once  the  question  of  i\\e.mode  of  action 
upon  the  cord  and  its  diseases.  Upon  this  point  little  is  known, 
and  the  material  in  our  possession  is  more  than  scanty. 

Physiology  furnishes  us  with  almost  no  facts  to  the  purpose.  The  experiments 
on  stimulation  of  the  cord  have  produced  few  results  of  consequence ;  it  is  still  a 
debated  question  whether  the  substance  of  the  cord  is  excitable  or  not,  and  whether 
all  the  phenomena  of  excitation  may  not  be  referred  to  irritation  of  the  roots.  The 
question,  however,  seems  to  have  been  answered  in  the  affirmative  by  the  studies  of 
Fick,  Engeliceu,  and  Dittmar,  showing  that  at  all  events  the  white  columns  of  the 
cord  are  excitable.  Some  facts,  also,  discovered  by  physiologists  (Nobili,  Mat- 
teucci,  Ranke),  in  relation  to  the  power  of  the  galvanic  current  to  quiet  spasm — 
facts  discovered  during  the  treatment  of  toxic  tetanus  by  strong  galvanic  currents 
sent  lengthwise  of  the  cord — are  perhaps  useful,  but  they  require  a  fresh  revision,  in 
view  of  the  more  recently  discovered  facts  of  the  action  of  powerful  currents  in 
arresting  reflex  actions.  The  primitive  researches  of  Uspensky,  which  have  shown 
that  the  cord  acts  as  a  peripheral  nerve  (!),  both  for  conduction  and  for  reflex 
actions — that  it  assumes  the  conditions  of  anelectrotonus  and  catelectrotonus — are 
quite  useless  for  our  purpose.  Of  the  action  of  electrical  currents  upon  the  nutri- 
tion of  the  cord,  nothing  is  known  by  physiology. 

Almost  all  our  knowledge  is  drawn  from  pathological  and  therapeutical  experi- 
ence, and  consists  chiefly  of  purely  empirical  facts,  which  are  usually  far  from  being 
understood. 

Our  positive  knowledge  is  really  limited  to  this :  that  a  number  of  diseases  of  the 
cord,  especially  chronic  forms,  are  relieved  or  cured  during  the  use  of  electricity,  em- 
ployed in  various  ways.  The  precise  connection  between  the  therapeutic  results  and 
the  methods  used  is,  however,  usually  obscure,  especially  as,  in  many  cases,  we  are 
unable  to  form  any  clear  idea  of  what  diseased  condition  exists  in  the  cord  and  its 
membranes,  or  what  it  is  that  we  are  removing  by  electricity. 

"We  know,  further,  that  individual  symptoms  of  spinal  disease  may  be  removed 
by  electrical  treatment  of  the  cord,  as  tetanic  spasms,  contractures,  tremor,  lanci- 
nating pains,  ansEsthesia,  paralysis,  etc.    But  these  facts  arc  not  always  beyond  a 


ISO   ERB. — DISEASES  OF  THE  SPINAL  COED  AND  ITS  ENVELOPES. 

doubt ;  for  example,  the  results  obtained  by  Mendel  in  tetanus  with  galvanic  cur- 
rents may  be  referred  to  a  simultaneous  action  upon  the  peripheral  nerves.  In  the 
interesting  observations  by  Dr.  Rabow,  communicated  by  Leyden,'  the  hypothesis 
of  a  simultaneous  action  upon  the  periphery  is  almost  always  admissible;  and  the 
explanation  of  the  facts  there  described  is  at  the  present  time  impossible. 

We  possess,  therefore,  only  inferences  and  hypotheses  regard- 
ing the  possible  action  of  electricity  in  the  various  categories  of 
disease. 

Thus,  in  the  so-called  functional  disturbances  of  the  cord, 
we  may  first  consider  the  exciting  and  modifying  agency  of 
electric  currents ;  probably,  however,  the  so-called  catalytic 
action  (comprising  effects  produced  upon  the  blood-vessels,  upon 
resorption,  osmosis,  change  of  tissue,  etc.)  is  of  importance,  as 
relieving  the  minute  disturbances  of  nutrition. 

In  disturhances  of  circulation  (hypersemia,  stasis,  exuda- 
tion) the  explanation  may  be  deduced  from  the  powerful  action 
of  electricit}'"  upon  the  vessels  and  the  vaso-motor  nerves,  upon 
the  circulation  of  fluids,  resorption  and  the  like. 

In  marked  anatomical  changes  (chronic  inflammation,  degen- 
eration, atrophy,  etc.)  we  must  again  refer  to  the  "catalytic" 
action  of  the  current,  which  can  alone  explain  the  fact  and  the 
rationale  of  the  cure  of  these  diseases.. 

It  follows  that  the  so-called  catalytic  action  of  the  electric 
current  probably  constitutes  the  chief  point  in  the  treatment  of 
most  diseases  of  the  cord.  It  is  a  pity  that  this  action  is  so 
obscure,  and  so  little  susceptible  of  an  explanation.  We  do  not 
care  to  present  hypotheses. 

The  catalytic  action  is  probably  quite  independent  of  the 
direction  of  the  current.  The  special  action  of  the  two  poles 
is  also  very  obscure  in  this  respect,  although  the  attempt  has 
been  made  to  define  it.  The  simple  passage  of  the  current,  in 
sufficient  strength  and  for  a  sufficient  time,  through  the  diseased 
region,  seems  to  be  the  essential  thing.  All  details  of  application 
must  be  discovered  by  empirical  methods. 

From  these  principles,  the  chief  rules  for  the  electrical  treat- 
ment of  the  cord  naturally  follow. 


'  Klinik  der  Riickenmarkskrankheiten.  I.  p.  185. 
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The  first  point  to  be  deduced  is  that  the  galvanic  current 
should  be  used  almost  excluswely  in  these  affections  ;  first,  on 
account  of  its  physical  properties,  it  being  able  to  penetrate  more 
easily  and  surely  to  the  depth  required  than  the  faradic  current ; ' 
and  second,  on  account  of  its  preponderant  catalytic  action, 
which  is  possessed  in  but  a  slight  degree  by  the  faradic  current. 
Experience  has  fully  confirmed  this  position  ;  even  the  most 
obstinate  adherents  of  the  faradic  current  claim  for  it  little  or  no 
success  in  organic  diseases  of  the  cord.  We  shall  see  further  on, 
however,  that  they  are  possible  to  a  cevtain  extent. 

As  regards  the  special  methods  of  applying  the  galvanic  cur- 
rent "  in  diseases  of  the  cord,  we  have  first  to  settle  the  question, 
whether  the  cord  can  be  reached  at  all. 

The  possibility  of  this  is  proved  by  my  experiments  upon  the 
dead  subject,  and  by  numerous  facts,  discovered  by  myself  and 
other  observers  in  the  case  of  the  living  human  subject ;  not  to 
mention  numerous  therapeutic  successes.  No  one  now  doubts 
the  possibility  of  reaching  the  spinal  cord  with  the  galvanic 
current. 

The  principal  object,  in  most  cases,  is  to  produce  as  general 
and  as  powerful  a  passage  of  the  current  through  the  spinal 
cord  as  is  possible,  especially  in  its  diseased  portions. 

The  cord  is  a  deep-seated  organ,  and  we  must  employ  quite 
powerful  currents  in  order  to  reach  it.  And  this  can  be  suitably 
accomplished  without  hurting  the  patient,  only  by  using  nery 
large  electrodes,  applied  not  too  near  together. 

Too  many  offences  are  committed  against  this  rule,  which  is  a 
simple  inference  from  Ohm's  laws.  If  small  electrodes  are  used, 
the  strength  of  current  required  to  affect  the  cord  sufliciently 
will  produce  intolerable  pain. 

I  have  often  seen  persons  with  sores  on  their  backs,  produced  by  the  very  pain- 
ful application  of  Stolirer  carbon  electrodes  (quite  unfit  for  tliis  purpose) ;  but 
who  have  not  seemed  to  me  to  have  derived  the  least  benefit  from  the  treatment.  I 
always  use,  for  galvanization  of  the  cord,  electrodes  of  at  least  ten  centimetres  (4  in.) 
long  and  five  (2  in.)  broad. 

'  Uelmholtz,  Verhandl.  dea  naturhistor.  med.  Vereins  zu  Heidelberg.  Bd.  V.  p.  14. 
1869. 

'  The  same  principles  apply  for  the  most  part  to  the  use  of  faradism. 


182    ERB. — DISEASES  OF  THE  SPINAL  COKD  AND  ITS  ENVELOPES. 

The  greatest  density  of  current  is  found  immediately  under 
the  electrodes ;  the  portions  of  tissue  lying  between  them  are 
not  readied  by  any  great  quantity  of  the  current,  probably  not 
enough  to  have  any  therapeutic  effect ;  hence  it  follows  that  the 
diseased  regions  sliould  he  'brought  in  contact  with  the  poles 
throughout  their  whole  extent.  According  to  circumstances, 
inclination,  or  theoretic  views,  the  operator  will  prefer  for  the 
purpose  the  one  or  the  other  pole.  As  the  action  of  the  poles 
upon  the  cord  is  unknown,  and  as  probably  both  poles  are  use- 
ful in  producing  the  catalytic  action,  it  is  perhaps  desirable  in 
many  cases  to  let  both  act,  one  after  the  other. 

The  relative  position  of  the  two  electrodes  will  be  determined 
by  the  seat  and  the  extent  of  the  lesion  in  the  cord. 

If  the  disease  is  chiefly  distributed  in  the  longitudinal  direc- 
tion— and  this  is  the  most  usual  case — it  is  probably  best  to 
place  both  poles  on  the  vertebral  column,  one  in  the  lumbar  re- 
gion, the  other  at  the  nucha.  One  pole,  say  the  lower,  being 
fixed,  the  other  may  be  moved  quite  slowly  down  over  the  back, 
and  thus  brought  in  contact  with  a  great  part  of  the  cord ;  and 
likewise,  the  upper  being  fixed,  the  lower  may  gradually  be  car- 
ried over  the  most  part  of  the  cord.  Thus  the  "  stabile"  effect 
may  be  made  to  preponderate,  as  is  desirable  in  producing  cata- 
lytic actions,  while  the  point  of  application  is  gradually  changed. 

In  diseases  of  a  more  circumscribed  locality  (apoplectic  foci, 
spinal  paralysis  of  children,  circumscript  myelitis,  etc.),  we  shall 
do  best  to  cover  the  diseased  spot  entirely  with  the  pole  which  is 
intended  to  produce  its  effect,  and  to  put  the  other  pole  upon 
the  anterior  surface  of  the  body,  the  abdomen  or  sternum  ;  this 
is  the  surest  way  of  causing  a  direct  passage  of  the  current 
through  the  cord  ;  or  if  desired,  we  may  cause  both  poles  to  act, 
one  after  the  other.  Here,  also,  the  electrodes  should  be  made 
as  large  as  possible. 

In  all  these  applications,  interruption  or  reversal  is  to  be 
avoided  as  far  as  possible,  unless  there  exist  special  indications 
for  their  employment. 

The  direction  of  the  current  seems  to  be  nearly  indifferent,  in 
respect  to  results.  In  general — probably  from  some  undefined 
impression — the  ascending  current  is  preferred.    The  chief  point 
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will  always  be  tc  secure  the  action  of  the  single  poles  upon  the 
entire  extent  of  the  cord. 

In  selecting  the  poles  there  are  certain  rules  observed  which 
require  to  be  confirmed  by  accumulated  experience.  Thus,  we 
maybe  decided  to  prefer  the  anode  in  case  symptoms  of  irritation 
are  prominent,  in  excitable  and  sensitive  persons,  in  recent,  active 
processes,  and  when  we  fear  evil  results  from  secondary  hyper- 
{Eniia,  The  action  of  the  cathode  will  be  preferred  in  disease  of 
a  more  torpid  nature,  in  persons  but  slightly  irritable,  in  old 
processes,  associated  with  thickening  and  increased  dryness  of 
the  tissues  (atrophies,  scleroses,  etc.).  Generally,  however,  both 
poles  will  be  used  with  advantage. 

The  cord  may  also  be  influenced  indirectly  by  the  electric 
current. 

Ifc  may  be  reached  by  the  so-called  indirect  catalysis  of 
Remak,  through  the  sympathetic.  This  process  is  said  to  ena- 
ble us  to  exercise  a  regulative  influence  upon  the  processes  of 
nutrition  in  the  cord,  by  galvanization  of  the  cervical  sympa- 
thetic, by  excitation  of  the  vaso-motor  (and  trophic)  paths  which 
pass  through  it.  The  influence  is  a  possible  one,  and  even  prob- 
able, but  is  not  proved.  Flies  has  made  further  observations 
upon  this  point.  The  possibility  of  this  action  has  induced  me 
in  many  cases  to  apply  my  treatment  in  such  a  way  that  the 
sympathetic  may  be  included  in  the  action.  The  cathode  is  fixed 
over  the  ganglion  superius  on  one  side  of  the  neck,  and  the 
anode  upon  the  opposite  side  of  the  spinal  column  (quite  close 
to  the  spinous  processes),  first  between  the  shoulder-blades,  then 
moving  downward  very  slowly  (avoiding  labile  treatment)  till 
the  conus  terminalis  is  reached ;  and  then  the  same  is  repeated 
upon  the  other  side.  To  this  is  usually  added  direct  treatment 
through  the  vertebral  column,  anode  below  and  cathode  above, 
slowly  changing  their  positions.  I  believe  that  I  have  seen  excel- 
lent results  from  this  treatment ;  perhaps,  however,  this  depends 
merely  upon  the  more  favorable  way  in  which  the  cord  is  reached 
by  the  current. 

The  cord  may  also  be  influenced  from  the  skin.  A  reflex 
stimulation,  transferred  from  the  sensory  nerves  to  the  cord,  may 
very  well  act  like  a  direct  stimulation.    Certainly  a  great  part 
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of  the  effects  of  the  cold-water  treatment,  or  of  carbonic  acid  in 
baths,  and  tiie  like,  depends  on  this  circumstance.  We  have- 
nothing  precise  upon  this  point ;  ib  seems  probable,  however,  to 
me,  that  a  part  of  the  results  which  are  obtained  in  spinal  dis- 
eases by  peripheral  electrization  of  the  skin  and  the  muscles,  is 
referable  to  this  cause.  For  this  purpose  cutaneous  faradization 
and  faradization  of  the  muscles  may  be  employed,  as  well  as  gal- 
vanization. These  are  the  cases  which  give  faradization  a  just 
title  to  comparison  with  galvanism. 

Thus,  in  M.  Meyer  (3.  Aufl.  p.  336),  there  is  a  case  of  spinal  disease,  -which  was 
cured  by  faradization  of  the  skin  -with  a  -wire  brush. 

The  remarkable  centripetal  action  of  the  galvanic  current,  produced  by  irrita- 
tion of  peripheral  nerves,  discovered  by  Remak,'  was  thought  by  him  to  promise 
great  results  in  practice ;  but  the  matter  has  remained  in  obscurity,  not  having  been 
furtlier  looked  into. 

The  "  general  faradization  and  galvanization,"  recommended  by  Beard  and 
Rockwell,'  probably  acts  like  peripheral  faradization.  It  consists  of  a  stimulation 
of  the  skin  and  the  muscles,  extending  over  the  whole  body. 

Beard  '  has  also  recommended  a  method  of  "  central  galvanization"  as  especially 
efficacious  in  all  sorts  of  central  lesions,  especially  in  conditions  of  spinal  exhaus- 
tion. It  may  be  useful  in  many  cases.  The  cathode  is  placed  upon  the  epigas- 
trium, while  the  anode  is  applied  successively  to  the  vertex,  the  vertebral  column, 
the  cervical  sympathetic,  in  the  labile  manner, 

Ranke  (loc.  cit.)  believes  that  an  improvement  of  the  condition  of  the  muscles, 
and  the  consequent  increase  in  the  strength  of  the  normal  ascending  current  of  the 
spinal  cord,  will  act  favorably  upon  spinal  nervous  weakness,  etc. 

Finally,  M.  Meyer  *  has  very  recently  pointed  out  that  galvanic  treatment  of  the 
points  of  the  spinal  column,  which  are  painful  under  pressure  (found  in  many 
affections  of  tlie  cord,  especially  tabes),  often  succeeds  wonderfully.  He  applies  a 
current  of  medium  strength  for  five  or  ten  minutes,  placing  the  anode  (unmoved) 
upon  the  sensitive  points. 

The  duration  of  single  applications  may  be  quite  brief — from 
a  minute  and  a  half  to  five  minutes.  This  is  usually  enough. 
Too  long  applications  easily  produce  disagreeable  excitement. 
The  sessions  are  given  daily  or  less  frequently.  The  duration  of 
the  entire  treatment  is  very  undetermined;  it  depends  upon  the 

1  Allg.  med.  Centralzeitung.  I860.  No.  69. 

"  Med.  and  Surg.  Uses  of  Electricity.  1871.  p.  186,  etc. 

"  See  Virchow-Hirsch's  Jahreabericht  fiir  1871.  L  p.  376,  and  1872.  I.  p.  404. 
*  Berl.  klin.  Wochenschr.  1875.  No.  51. 
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cliaracter  of  the  disease  and  the  success  obtained.  It  is  often 
well,  after  an  electric  treatment  of  several  weeks,  to  interpose  a 
considerable  period  of  rest,  which  may  properly  be  filled  up  by  a 
visit  to  spas,  a  change  of  climate,  or  some  similar  alternative. 
The  diseases  are  usually  very  tedious  in  their  course. 

It  is  weU  not  to  make  too  light  of  the  administration  of  elec- 
tricity ;  it  is  not  for  every  one  to  undertake.  It  requires  much 
practice  and  experience.  Manual  skill,  great  technical  experi- 
ence, attention  to  a  great  variety  of  points,  careful  attention  to 
the  individual  symptoms  are  absolute  requisites. 

With  the  direct  treatment  of  spinal  diseases  we  often  have  to 
associate  a  treatment  of  the  symptoms — as  paralysis  and  anaes- 
thesia, spasm  and  neuralgia,  weakness  of  the  genito-urinary 
organs,  paralysis  of  sphincters  or  of  the  muscles  of  the  eye,  atro- 
phy of  the  optic  and.  auditory  nerves,  etc.  All  this  must  be 
done  in  accordance  with  the  general  rules  of  electro-therapeutics, 
with  special  regard  to  the  individual  and  to  the  seat  of  lesion. 

Blood-Letting 

may  be  indicated,  under  certain  circumstances,  just  as  in  dis- 
eases of  other  organs  ;  thus,  in  severe  acute  inflammations,  hy- 
pertemias  and  stases,  with  the  consequent  irritation  or  paralysis. 

General  hlood-letting  is  seldom  indicated,  and  is  to  be  gov- 
erned entirely  by  general  therapeutic  principles. 

Local  hlood-letting  is  best  practised  on  the  back,  at  both 
sides  of  the  vertebral  column,  owing  to  the  connection  between 
the  inner  and  the  outer  plexus  of  vertebral  veins ;  wet  cups  or 
leeches  may  be  applied  there.  For  many  cases  of  abdominal 
plethora,  hemorrhoidal  affections,  etc.,  blood-letting  at  the  anus 
is  very  useful. 

Derivatives. 

These  formerly  played  a  very  prominent  part ;  scarcely  a 
patient  with  disease  of  the  cord  escaped,  even  from  the  severest 
of  them  all.  The  back  of  a  chronic  spinal  patient  was  usually 
covered  with  the  scars  of  blisters,  issues,  moxa,  and  the  hot  iron. 
In  our  day  we  are  much  less  disposed  to  use  these  remedies,  and 
perhaps  make  too  little  use  of  them. 
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Their  application  and  their  modes  of  action  are  very  manifold, 
comprising  derivative  influence  upon  states  of  sensory  excite- 
ment, change  in  the  molecular  condition  of  the  nervous  system, 
arrest  of  reflex  actions,  v^^ithdrawal  of  blood  by  the  action  upon 
the  circulation,  derivation  of  inflammation  and  exudation  by 
establishing  an  exudative  or  purulent  inflammation  of  the  skin. 

All  this  may  also  act  upon  the  spinal  cord,  and  probably  does 
act  upon  it  directly,  for  the  cord  is  undoubtedly  the  first  of  the 
central  organs  to  receive  this  class  of  impressions.  But,  unfortu- 
nately, we  know  no  more  regarding  it.  The  statements  of  Busch  ' 
in  respect  to  the  application  of  the  hot  iron  in  various  neuroses, 
especially  spinal  diseases,  are  very  interesting.  He  found  at  the 
autopsy  of  one  such  a  case  that  the  iron,  applied  to  the  back  of 
the  neck,  acts  to  a  great  depth  ;  in  the  deepest  layers  of  muscle 
in  that  region  there  were  found  jjortions  suffused  with  blood,  and 
even  the  meninges  under  the  burnt  places  were  found  reddened 
with  hypersemia.  Busch  is  in  the  habit  of  burning  on  both  sides 
of  the  vertebral  spines,  in  longitudinal  strips ;  he  considers  this 
a  very  powerful  derivant  in  affections  of  the  cord. 

If  it  is  allowable  to  transfer  to  the  pia  mater  of  the  cord  the 
facts  observed  by  Schueller  in  the  pia  of  the  brain  —  and  there 
can  be  no  doubt  of  its  propriety —  then  the  effect  of  i^ery  large 
sinapisms,  or,  more  properly,  vesicants,  would  be  a  temporary 
dilatation,  followed  by  a  very  marked  and  continued  contraction 
of  the  vessels  of  the  pia. 

We  may  employ  as  derivatives  cutaneous  faradization,  sina- 
pisms, vesicants,  pustulating  ointments,  issues,  moxse,  and  heated 
iron.  The  place  for  application  will  almost  always  be  the  back, 
opposite  to  the  diseased  spot. 

External  Frictions. 

These  are  much  used  and  highly  esteemed  among  the  non- 
medical public,  but  are  usually  rejected  by  physicians.  In  this 
respect  medical  scepticism  often  goes  too  far. 


'  Berl.  klin.  Wochenschr.  1873.  Nos.  37-39.  Session  of  the  niederrhein.  Gesellsch. 
at  Bonn. 
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It  is  certainly  conceivable  that  the  irritation  produced  by 
friction  with  spirituous  or  other  substances  upon  the  skin  may 
act  like  the  stimulation  of  baths  or  electricity,  exciting  and  enliv- 
ening the  action  of  the  spinal  cord  and  bringing  to  pass  a  better 
functional  condition  and  nutrition  in  it,  or  else,  that  the  quieting, 
soothing  effect  upon  the  peripheral  cutaneous  nerves  produced 
by  inunction  with  warm  oil  or  narcotic  salves,  or  fomentations 
and  wraps  of  a  similar  nature,  has  a  soothing  action  upon  the 
central  nervous  system,  and  thus  contributes  to  the  removal  of 
diseased  conditions.  I  believe  that  I  have  in  a  few  cases,  quite 
accidentally,  proved  to  myself  the  efficacy  of  such  procedures, 
and  am  therefore  unwilling  to  see  them  quite  abandoned. 

No  great  results  will  be  reached,  it  is  true,  but  the  external 
applications  may  be  used  as  subsidiary  remedies,  and  to  sus- 
tain the  patient's  courage. 

According  to  circumstances,  we  have  the  choice  between  the 
more  soothing  frictions  (with  warm  oil,  infused  oil  of  hyoscya- 
mus,  opium  or  belladonna  ointment,  etc.),  and  the  more  stimu- 
lating and  invigorating  frictions  (with  French  brandy,  spirit  of 
ants,  of  wild  thyme  or  of  camphor,  liniment  of  ammonia  or  of 
camphor,  etc.). 

2.  CJiemical  Remedies — Internal  Remedies. 

Cf.  Nothnagel,  Handbuch  der  Arzneimittellehre.  1870. — Husemann,  Handbuch  der 
gesanimten  Arzneimittellehre.  II.  1875. — Schueller,  Ueber  die  Einwirkung  eini- 
ger  Arzneimittel  auf  die  Hirngefasse.  Berl.  klin.  Wochenschrift.  1874.  Nos. 
25  and  26. — Brown- Sequard,  Lect.  on  the  Diagnosis  and  Treatment  of  the  Prin- 
cipal Forms  of  Paralysis  of  the  Lower  Extremities.  London,  1861.  p.  110. 

We  have  entered  upon  a  region  which  is  still  very  obscure, 
and  in  need  of  thorough  study.  Of  its  contents,  we  know  next 
to  nothing  ;  the  little  that  we  have  learnt  from  therapeutic 
experience  is  neither  sufficiently  established  by  facts  nor  based 
upon  intelligible  scientific  principles. 

We  are  acquainted  with  the  specific  action  of  some  few  reme- 
dies upon  certain  functions  of  the  cord,  but  these  actions  are 
seldom  required.  We  are  still  quite  ignorant  in  regard  to  most 
'    of  the  remedies  we  employ,  liow  they  act  upon  the  cord  and  its 
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nutrition  —  altliough  we  are  especially  fond  of  using  tliem  in 
organic  diseases  of  this  organ. 

We  therefore  limit  ourselves  to  as  brief  an  enumeration  as 
possible  of  the  internal  remedies,  leaving  the  most  of  what  is  to 
be  said  to  the  special  part  of  this  work. 

A  leading  remedy  in  disease  of  the  spinal  cord  is  certainly 
strychnia^  with  the  preparations  of  nux  vomica.  Its  physi- 
ological action  consists  in  a  very  great  augmentation  of  the 
spinal  reflex  action,  probably  due  to  a  direct  irritation  of  the 
central  ganglion  cells  by  the  poison.  It  also  stimulates  the  vaso- 
motor centres  very  powerfully.  Upon  the  motor  nerves  it  seems 
to  have  no  influence,  but  upon  the  sensory  apparatus  it  acts  by 
increasing  their  capacity  for  excitement.  Finally,  it  is  said  to 
increase  considerably  the  flow  of  blood  to  the  spinal  cord. 

Strychnia  has  been  applied  in  many  ways  to  the  treatment  of 
spinal  diseases.  But  in  most  cases  it  is  totally  useless,  for  the 
increase  of  reflex  excitability  can  be  of  little  use  to  the  patient 
so  long  as  the  disturbance  of  nutrition  exists,  whicli  causes  the 
paralysis.  It  then  does  nothing  but  produce  energetic  reflex 
jerkings  in  the  paralyzed  parts,  without  aiding  the  restoration  of 
tissues  (Gull).  In  very  irritable  and  easily  exhausted  patients,  in 
irritative  processes  in  the  cord  (tabes,  myelitis,  spinal  irritation, 
etc.)  it  seems  to  do  positive  harm,  and  its  use  has  been  of  late 
almost  abandoned.  Even  such  fortunate  cases  as  those  lately 
published  by  Acker,'  are  hardly  to  be  considered  in  comparison 
with  the  numerous  cases  of  failure. 

The  use  of  strychnia  is,  however,  only  allowable  in  old  cases 
of  palsy,  or  when  the  principal  lesion  has  been  repaired  without 
a  full  recovery  of  function.  (Nevertheless,  in  the  most  of  such 
cases  electricity  will  be  a  much  surer  and  more  harmless  agent.) 
It  ought  also  to  be  tried  in  purely  functional  weakness  of  a  torpid 
nature,  in  order  to  add  to  our  knowledge  of  the  subject.  In  such 
cases  it  seems  to  act  in  moderate  doses  as  a  nerve-tonic.  In  cases 
of  spinal  anaemia  producing  disturbance  of  nutrition,  it  may  be 
used.  Finally,  it  seems  to  act  well  in  paralysis  of  sphincters,  in 
weakness  of  the  genito-urinary  organs,  in  enuresis  nocturna,  per- 


'  Arch,  f .  klin.  Med.  XIII.  p.  438, 
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haps  when  these  disturbances  depend  on  anomalies  of  the  reflex 
centres  in  the  lumbar  cord. 

The  watery  extract  of  nux  vomica  is  given  in  the  dose  of 
from  one-half  to  three  grains  (0.03-0.20) ;  the  alcoholic  extract, 
in  the  dose  of  from  one-sixth  to  one  grain  (0.01-0.06)  ;  the  tinc- 
ture of  nux  vomica,  from  five  to  fifteen  drops ;  and  nitrate  of 
strychnia,  from  one  twenty-second  to  one-sixth  of  a  grain  (0.003- 
0.01),  best  by  subcutaneous  injection  in  the  same  doses. 

Coniine  acts  in  some  respects  in  the  opposite  way.  It  directly 
paralyzes  the  motor  nerves,  but  seems  also  to  have  a  specific 
action  upon  the  spinal  cord,  as  it  powerfully  depresses  the  reflex 
excitability.  It  is  therefore  available  for  the  relief  of  spasmodic 
conditions,  especially  those  of  a  reflex  character.  (Dose  of  the 
conium  herb,  from  three-quarters  to  four  and  a  half  grains 
(0.05-0.30) ;  coniine,  from  one-sixtieth  to  one  twenty-second  of  a 
grain  (0.001-0.003),  dissolved  in  water.) 

Curare  has  a  very  similar  action,  directly  paralyzing  the 
motor  nerves  and  diminishing  the  reflex  action  of  the  cord.  It 
is  a  very  uncertain  remedy,  and  may  be  dispensed  with. 

Calabar  bean  lessens  and  destroys  the  excitability  of  the 
ganglia  of  the  cord,  especially  in  the  gray  anterior  columns,  giv- 
ing rise  to  paralysis,  loss  of  reflex  excitability,  and  of  the  sense 
of  pain.  This  remedy  is  therefore  to  be  used  in  cases  of  exagge- 
rated reflex  action  (in  tetanus,  the  intoxication  of  strychnia, 
reflex  contractures).  Dose  of  extract,  from  one-twelfth  to  one- 
third  of  a  grain  (0.005-0.02),  in  solution  or  pills. 

Ergotin  (or  ergot)  has  a  powerful  effect  upon  the  vessels,  and 
according  to  Brown-Sequard,  a  special  tendency  to  the  vessels 
of  the  spinal  cord.  It  is  said  to  produce  at  the  same  time  a  dimi- 
nution of  reflex  excitability.  It  affects  all  the  smooth  muscular 
fibres,  especially  those  of  the  bladder. 

It  is  employed  in  fluxionary  hypersemia  and  paraplegia ;  in 
the  latter  disease  it  is  especially  useful  (according  to  Brown- 
Sequard)  when  there  is  hypersemia  or  chronic  inflammation  of 
the  cord  and  its  membranes,  while  it  is  contra-indicated  in  the 
absence  of  symptoms  of  irritation  or  hypera^mia.  (Dose  of 
aqueous  extract  of  ergot,  from  one  and  a  half  to  seven  and  a 
half  grains  (0.1-0.5)  internally,  from  one-sixth  to  one  and  a  half 
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grains  (0.01-0.10)  subcutaneously  ;  of  tincture  of  ergot,  from  ten 
to  thirty  drops. 

Atropine  (or  helladonna)  lias  also  a  powerful  action  upon  tlie 
vessels,  and  in  large  doses,  according  to  Brown- Sequard,  it  spe- 
cially contracts  the  vessels  of  the  cord.  It  further  depresses  the 
excitability  of  the  motor  and  sensory  nerves  and  muscles;  its 
action  upon  the  cord  itself  is  unknown.  Brown-Sequard  recom- 
mends it  in  the  same  affections  as  ergot.  (Dose  of  extract  of 
belladonna,  from  one-sixth  to  one  and  a  half  grains  (0.01-0.10), 
of  sulphate  of  atropia,  from  one  one-hundred  and  twentieth  to 
one- thirtieth  of  a  grain  (0.0005-0.001-0.002). 

Nitrate  of  silrier.  This  remedy  was  first  recommended  by 
Wunderlich '  in  progressive  spinal  paralysis,  and  since  then  has 
been  much  used  in  tabes  and  other  forms  of  sclerosis  of  the  cord. 
It  is  undeniable  that  in  many  cases  it  has  produced  most  decided 
effects  :  that  it  removes  the  pain,  lessens  the  anaesthesia,  improves 
the  ataxia  and  the  paralysis,  and  in  many  cases  brings  about  a 
complete  cure.  But  its  precise  mode  of  action  and  its  special 
indications  are  as  yet  entirely  unknown.  Injurious  effects  are 
reported  by  many  physicians.  Dose  from  one-sixth  to  one-third 
of  a  grain  (0.01-0.02),  three  times  a  day,  best  given  in  the  form  of 
pills  ;  to  be  continued  for  a  long  period. 

Iodide  of  potassium  has  been  much  used  in  diseases  of  the 
cord,  as  in  so  many  other  neuroses  ;  and  not  rarel}'"  with  success. 
Its  mode  of  action  and  the  special  indications  for  its  use  are  quite 
as  obscure  as  those  of  nitrate  of  silver.  Its  well-known  action 
upon  a  variety  of  pathological  products,  various  forms  of  inflam- 
mation, exudation,  etc.,  furnishes  so  tempting  an  excuse,  that 
it  is  tried  over  and  over  again.  It  is  prescribed  a  good  deal  in 
exudative  inflammations  of  the  meninges,  especially  in  the  chro- 
nic stage  ;  in  chronic  inflammations  of  the  cord  itself,  especially 
when  they  can  be  ascribed  to  a  rheumatic  origin  ;  in  new  forma- 
tions, sclerosis,  etc.  Its  chief  employment  is  found,  of  course, 
in  cases  where  syphilitic  action  is  suspected.  Let  the  dose  not 
be  too  small ;  from  flfteen  to  forty-five  grains  (1.0  to  3.0)  each 
day.  Nearly  the  same  is  true  of  the  mercurial  preparations,  so 
frequently  used. 

'  Arch,  der  Heilkunde.  II.  18G1.  p.  193,  and  IV.  18G3.  p.  43. 
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Bromide  of  potassium^  among  other  effects,  lessens  tlie  reflex 
activity  of  the  cord,  and  afterwards  paralyzes  the  peripheral 
nerves.  It  contracts  the  vessels  of  the  brain,  and  is  believed  to 
act  thus  as  an  hypnotic.  It  therefore  appears  indicated  in  cases 
of  increased  reflex  excitability,  and  in  reflex  contractures ;  it 
further  appears  useful  in  pain,  neuralgia  of  centric  origin,  sleep- 
lessness, and  conditions  of  sexual  irritation.  The  dose  given  is 
from  fifteen  to  thirty  grains  (1.0-2.0) ;  or  from  one  and  a  half  to 
two  and  a  half  drachms  (6,0-10.0  grammes)  a  day. 

A  portion  of  the  toxic  ellects  of  arsenic  are  produced  upon 
the  spinal  cord ;  but  we  do  not  know  them  very  precisely. 
Probably  the  chief  part  is  due  to  the  effect  upon  the  general 
nutrition  and  the  tonic  action  upon  the  nervous  system  ;  it  is 
highly  recommended  by  Isnard,  and  is  given  in  the  usual 
manner. 

PJiospTiorus  has  been  repeatedly  recommended  for  various 
neuroses,  and  in  tabes,  paraplegia,  etc.  It  has  not  yet  obtained 
a  general  recognition ;  it  seems  to  be  very  dangerous,  and  not 
specially  efficacious. 

Of  the  physiological  action  of  zinc  and  its  preparations  upon 
the  cord  and  upon  spinal  symptoms,  we  know  almost  nothing. 
It  is  much  used  empirically  as  a  nervine,  and  may  perhaps  be  of 
value  in  conditions  of  functional  weakness.  It  is  most  employed 
in  the  form  of  the  oxide  and  valerianate. 

Quinia  is  held  by  many  physicians,  both  old  and  young,  to 
be  useful  to  the  spinal  cord.  Physiological  researches  give  us 
few  grounds  for  this  belief.  Its  use  in  practice  has  been  confined 
almost  exclusively  to  its  anti-febrile  and  anti-zymotic  effects ; 
it  has  also  an  invigorant  action.  It  cannot  be  doubted  that 
quinia  has  a  powerful  action  upon  the  central  nervous  sj^stem, 
but  the  manner  of  its  action,  and  the  parts  affected,  are  quite 
unknown. 

It  is  employed  in  spinal  nervous  weakness,  in  excentric  pains, 
in  fever,  in  spinal  complaints  which  depend  on  malaria.  The 
dose  is  graduated  according  to  the  effect  sought ;  small  doses  are 
the  favorite  ones  for  the  strengthening  effect. 

The  sodio-cldor  ide  of  gold  has  been  repeatedly  recommended 
as  a  remedy  in  spinal  complaints ;  its  claim  to  the  title  is  still 
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doubtful.  The  dose  is  from  one-sixtli  (0.01)  to  tliree-quarters  of 
a  grain  (0.05). 

We  might  prolong  this  enumeration  at  pleasure,  but  the 
reader  doubtless  has  enough  ;  further  explorations  of  this  dark 
and  doubtful  region  will  prove  of  little  advantage. 

We  would  add  a  few  words  upon  the  diet  cures,  which  are 
believed  to  act  like  courses  of  internal  drug  medication.  They  are 
not  of  much  importance  in  diseases  of  the  cord.  But  milk  cures, 
whey  and  grape  cures,  and  the  like,  may  produce  a  desirable 
effect  upon  the  general  nutrition,  and  thus  upon  that  of  the 
spinal  cord. 

The  same  is  true  of  courses  of  mineral  water,  taken  inwardly. 
Nothing  is  known  of  any  specific  action  upon  the  spinal  cord 
and  its  affections.  Nevertheless,  such  courses  may  be  required 
by  certain  causal  or  symptomatic  indications,  and  may  then 
have  a  most  excellent  effect. 


3.  Symptomatic  Remedies  and  Methods. 

We  are  very  often  compelled  to  give  sedatives  in  spinal  dis- 
eases ;  especially  for  the  relief  of  the  frequent  excentric  pains, 
pains  in  the  back,  painful  reflex  contractions  and  spasms,  etc. 

In  addition  to  the  ordinary  narcotics  we  possess  a  number  of 
remedies,  discovered  empirically. 

The  best  of  anodynes — opium  with  its  preparations — increases 
the  reflex  excitability  of  the  cord,  and  does  not  depress  it  except 
in  large  doses.  It  must,  therefore,  be  avoided  in  cases  of  reflex 
spasm,  but  is  of  very  great  value  as  a  simple  antidote  to  pain. 
This  is  especially  true  of  subcutaneous  injections  of  morphia. 
But  the  patient  must  not  be  allowed  to  form  a  habit  of  relying 
upon  it,  as  that  always  exercises  an  unfavorable  influence  upon 
the  general  progress  of  the  disease,  and  the  habit  is  extremely 
hard  to  break  up. 

It  is  recommended  to  make  trial  of  the  remedies  above  named 
— coniine,  atropia,  calabar,  etc.  It  has  been  found  empirically 
that  in  many  cases  bromide  of  potassium,  quinia,  etc.,  have  a 
specially  qiiieting  influence. 
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Electricity  also  often  has  a  very  good  effect ;  the  relief  to 
lancinating  pains,  especially  by  local  faradization  or  galvaniza- 
tion, is  often  quite  magical— though  usually  but  temporary. 

For  painful  priapism,  or  great  sexual  excitement,  use  bromide 
of  potassium,  lupulin,  camphor,  etc. 

For  obstinate  sleeplessness,  the  ordinary  hypnotics  are  used  ; 
they  often  fail,  and  their  continued  employment  is  not  without 
danger.  We  must  then  have  recourse  to  all  auxiliary  methods. 
The  cold-water  treatment  (cold  washing  of  the  feet,  Priessnitz' s 
packing  of  the  calves)  is  very  advisable. 

In  other  cases  we  shall  make  more  use  of  irritants,  as  in 
paralysis,  anjEsthesia,  weakness  of  the  bladder,  etc.  Here  elec- 
tricity is  the  chief  remedy.    After  it,  strychnia,  ergot,  etc. 

Tonics  are  often  indicated,  as  the  preparations  of  iron,  the 
chalybeate  springs;  also  quinia,  various  bitters  and  tonics,  ac- 
cording to  general  principles. 

In  many  diseases  of  the  cord,  the  treatment  of  cystitis  forms 
a  specially  important  point,  as  this  often  constitutes  the  first 
serious  danger  to  life. 

The  observance  of  suitable  prophylactic  rules  will  be  of  the 
first  importance  in  this  complaint ;  and  of  these  the  chief  one  is 
— never  to  allow  the  urine  to  stagnate  in  the  bladder.  The  evacu- 
ation ought,  therefore,  to  be  aided  by  pressure  upon  the  bladder, 
or  by  exciting  reflex  action  by  kneading  and  pressing  the  wall  of 
that  organ  ;  or  by  raising  the  patient  in  order  to  gain  the  mechan- 
ical advantage.  If  necessary,  catheterize  regularly  and  from 
the  beginning,  twice  a  day,  but  with  extreme  precaution  and 
cleanliness.  It  is  also  advisable  to  assist  and  complete  the  evacua- 
tion by  the  principle  of  the  siphon,  depressing  the  outer  orifice 
of  the  catheter  below  the  level  of  the  fundus  vesicae.  In  all  cases 
we  should  see  that  the  bladder  is  frequently  evacuated,  and 
should  lessen  the  tendency  to  decomposition  in  the  urine  by 
making  the  patient  drink  copiously  of  common  water,  by  the  use 
of  the  waters  of  Ems,  Selters,  or  Wildung,  by  exhibition  of  sali- 
cylic or  benzoic  acid. 

If  there  is  incontinence  of  the  bladder,  the  best  means  for 
keeping  the  patient  in  a  state  of  tolerable  cleanliness  consists  in 
a  regular  artificial  evacuation.    Frequent  washing,  the  use  of 
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portable  urinals,  or  (in  tlie  case  of  women)  placing  sponges  in 
front,  are  also  necessary. 

When  catarrh  of  the  bladder  has  appeared,  it  may  be  arrested 
in  its  further  progress,  or  even  cured,  by  preventing  the  process 
of  decomposition,  and  checking  the  tendency  of  the  urine  to  be- 
come alkaline.  For  this  purpose  salicylic  acid  is  found  a  most 
excellent  remedy,  according  to  the  experience  of  Fuerbringer, ' 
which  my  own  in  part  confirms.  From  thirty  to  sixty  grains 
are  given  daily  in  watery  solution  or  emulsion  by  the  mouth, 
and  injections  into  the  bladder  (1  part  to  500)  may  be  added.  It 
brings  back  the  acid  reaction,  removes  the  foul  odor,  and  clears 
up  the  urine.  Benzoic  acid  is  said  by  Gosselin  and  Robin '  to  act 
similarly,  and  is  claimed  to  be  the  best  agent  for  restoring  the 
acid  reaction  to  ammoniacal  urine,  and  relieving  the  catarrh 
which  depends  upon  this  condition.  (Dose  from  thirty  to  ninety 
grains  daily  in  emulsion  or  powders.)  The  use  of  lime-water, 
Wildung  water,  and  various  alkaline  waters  (Ems,  Vichy,  Selters, 
etc.),  seems  to  have  a  good  effect  in  light  cases.  Clemens '  recom- 
mends ergotin  for  the  same  purpose. 

As  a  direct  remedy  for  catarrhal  inflammation  of  the  bladder, 
the  usual  astringents  are  given — uva  ursi,  tannic  and  gallic  acid, 
copaiba,  oil  of  turpentine,  tar-water,  etc. 

But  in  all  severe  cases,  accompanied  with  abundant  formation 
of  pus  and  mucus,  a  good  deal  of  ammoniacal  decomposition, 
ulceration,  etc.,  it  will  be  indispensable  to  wash  out  the  bladder, 
regularly  and  with  great  precaution.  Injections  for  this  purpose 
are  composed  of  lukewarm  water,  which  may  gradually  be  made 
colder,  of  salt  water,  weak  solutions  of  tannin,  nitrate  of  silver, 
salicylic  acid  (1  :  500),  etc.  They  may  be  made  either  with  a  sim- 
ple syringe  or  with  the  irrigator,  but  the  catheter  a,  double  cou- 
rant  is  the  most  suitable. 

In  all  such  cases  it  is  advantageous,  while  pursuing  the  above 
plan,  to  attack  the  palsy  and  anaesthesia  of  the  bladder  with  elec- 
tricity. 

■  '  Berl.  klin.  Wochenschr.  1875.  No.  19.  Zur  Wirkung  der  Solicylsiiure.  Jena,  187.1. 
p.  62. 

-  Traitem.  de  la  cystifce  animoiiiac.  par  I'acide  benzoique.  Arch.  gen.  Nov.  1874. 
3  Deutsche  Klinik.  1865.  No.  27. 
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A  careful  regulation  of  the  diet  is  very  important.  Patients 
with  decided  catarrh  of  the  bladder  must  use  the  blandest  and 
most  digestible  articles  of  diet,  avoiding  all  acid  and  highly- 
spiced  articles ;  the  use  of  beer  and  strong  sweet  wine  is  unad- 
visable  ;  but  a  light  semi-acid  white  wine,  or  a  good  red  wine, 
diluted  with  water,  is  allowable. 

Of  almost  more  importance  than  the  treatment  of  cystitis  is 
that  of  hed-sores.  These  form  one  of  the  most  horrible  complica- 
tions, infinitely  increasing  the  patient's  sufferings,  and  must  be 
avoided  by  all  possible  means,  as  it  is  extremely  hard  to  heal 
them  when  once  fully  developed. 

The  chief  remedies  are  of  the  pi'ophylactic  sort,  and  the  princi- 
pal point  to  observe  is  the  avoidance  of  all  continued  pressure 
on  the  skin.  This  can  be  attained  by  frequent  change  of  pos- 
ture, by  air-pillows,  water- cushions,  lying  on  bags  of  millet,  on 
buckskin,  etc.  All  filth  and  irritation  of  the  skin  where  pres- 
sure is  borne  must  he  avoided  as  far  as  possible  ;  removal  of 
faeces  and  urine,  frequent  washing,  anointing  with  grease  and  oil 
are  the  chief  precautions.  And  finally,  a  slight  stimulation  of 
the  tone  of  the  cutaneous  vessels  may  assist  in  preventing  bed- 
sores, for  which  purpose  frequent  washing  in  cold  water,  or  in 
spirit,  or  the  alternate  application  of  ice  and  poultices  (Brown- 
Sequard),  or  moderate  cutaneous  faradization  may  be  used. 

If  a  bed-sore  appears  in  a  light  form  (superficial  ulceration, 
furuncles,  etc.),  it  may  often  be  healed  by  simple  treatment, 
though  slowly.  Great  cleanliness,  frequent  washing,  dressing 
with  zinc  ointment,  or  mildly  irritant  salves,  chamomile  water,  or 
aromatic  wine  will  be  sufiicient  in  connection  with  the  prophy- 
lactic rules. 

The  matter  is  less  simple  in  the  case  of  the  true  gangrenous 
sore,  which  often  reaches  an  enormous  size,  and  extends  without 
cessation  downwards  and  at  its  borders.  The  first  object  in  this 
case  consists  in  assisting  the  throwing  oJff  of  gangrenous  portions, 
and  developing  the  reactive  inflammation  ;  according  to  Brown- 
Sequard,  the  alternation  of  ice  (for  ten  minutes)  with  poultices 
(for  one  or  two  hours)  is  an  excellent  means  to  this  end.  The 
dead  tissues,  separated  by  the  line  of  demarcation,  should  be  got 
rid  of  as  soon  as  possible,  and  an  antiseptic  dressing  applied. 
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Carbolic  acid  has  great  advantages  over  the  remedies  formerly 
used  (camphor  wine,  aromatic  wine,  "unguentum  contra  decubi- 
tus," etc.).  It  should  be  applied  in  a  v^^atery  or  oily  solution,  by 
preference  upon  good  surgical  wadding.  Under  this  treatment  I 
have  seen  the  wounds  take  on  the  most  healthy  granulations,  and 
even  very  advanced  bed-sores  heal.' 

It  is  often  very  hard  to  find  a  suitable  position  for  the  pa- 
tient, especially  when  there  are  bed-sores  on  the  sacrum,  the 
ischiatic  protuberances,  trochanters,  heels,  etc.  Much  care  and 
observation  must  be  directed  to  the  prevention  of  new  sores. 
Water-pillows  and  air-pillows  must  be  used  in  their  various 
forms.  In  the  worst  cases  I  have  found  it  useful  to  swing  the 
lower  leg  on  a  pillow,  placing  the  knee-joint  and  hip -joint  in  the 
position  of  rectangular  flexion ;  this  may,  to  some  extent,  also 
free  the  sacrum  from  pressure. 

4.  General  Observations — Method  of  Life. 

The  general  care  of  patients  with  spinal  disease,  their  diet  and 
manner  of  life,  must  be  governed  strictly  in  accordance  with  the 
requirements  of  the  disease.  Many  mistakes  and  negligences  are 
committed  in  these  matters,  which  neutralize  the  success  of  the 
other  treatment. 

The  rules  must  differ  widely,  of  course,  in  different  cases. 

In  the  acute,  inflammatory,  and  similar  forms,  the  proper 
diet,  rest  in  bed,  avoidance  of  all  excitement  and  effort  must  be 
ordered. 

But  in  the  chronic  forms  also,  in  functional  as  well  as  organic 
disturbances,  the  patient  must  in  general  be  very  careful,  and 
must  observe  the  following  general  rules  (with  suitable  adapta- 
tion to  his  case),  with  a  strictness  proportionate  to  the  weakness 
and  irritability  of  the  patient's  nervous  system,  to  the  amount 

'  Hammond  (Diseases  of  the  Nervous  System.  3d  edition.  1873),  following  Crussel 
and  Spencer  Wells,  recommends  a  simple  galvanic  element  as  an  excellent  means  of 
curing  bed-sores.  A  thin  silver  plate  is  laid  on  the  sore,  a  similar  plate  of  zinc,  with  a 
piece  of  moist  cloth  underneath,  upon  a  distant  part  of  the  skin,  and  the  two  are  con- 
nected by  a  wire.  After  a  day  or  two  the  beneficial  effects  are  seen.  I  have  no  per- 
sonal experience  of  this. 


GENERAL  THERAPEUTICS. 


197 


of  symptoms  of  irritation  present,  to  the  readiness  with  which 
he  suffers  from  the  effects  of  external  circumstances. 

The  diet  must  be  corroborating  and  tonic  in  most  cases,  with- 
out being  in  any  way  exciting.  Millc,  meat,  eggs,  light  vegeta- 
bles, puddings,  and  fruits  are  allowed  and  required ;  an  abun- 
dant supply  of  fatty  nutriment  (butter,  cream,  oil,  cod-liver  oil) 
is  perhaps  useful  in  a  good  many  cases ;  strong  seasoning,  and 
very  complicated  and  heavy  dishes  must  always  be  avoided.  A 
glass  of  wine  or  beer  at  table  is  usually  allowable,  but  their  ex- 
cessive use  is  to  be  strictly  forbidden.  Strong  tea  and  coffee 
must  be  avoided  in  most  cases.  Smoking  within  moderate 
bounds  is  allowed. 

In  regard  to  the  general  regulation  of  the  life,  the  allowable 
amount  of  work  and  rest,  of  bodily  and  mental  activity,  we  must 
be  governed  chiefly  by  the  state  of  the  patient's  strength.  It  is 
but  rarely  that  chronic  cases  can  be  condemned  to  continuous 
confinement  in  bed  ;  yet  there  may  be  many  decided  indications 
for  it.  Brown-Sequard  directs  the  avoidance  of  lying  on  the 
back,  as  far  as  possible,  in  conditions  of  inflammation  and  hyper- 
femia. 

It  is  usual  and  desirable  to  allow  a  moderate  amount  of  active 
bodily  exercise  when  practicable,  but  let  the  patient  be  warned 
against  every  excess  of  exertion !  Great  injury  is  thus  often 
done  ;  for  instance,  by  too  long  walks ;  the  patient  must  be  espe- 
cially cautious  about  this  while  taking  a  course  at  a  medicinal 
spring. 

Mental  effort,  the  practice  of  a  profession,  cannot  always  be 
forbidden  on  account  of  circumstances ;  and  the  disease  is  usually 
so  tedious  that  such  a  measure  would  be  excessively  irksome. 
Let  this,  therefore,  be  allowed  within  judicious  limits,  every  ex- 
cess of  effort  being  forbidden,  especially  night-work,  which  is 
especially  injurious. 

The  same  is  true  of  sexual  indulgence ;  between  different 
persons  and  cases  there  is  a  very  great  difference  of  power.  The 
permission  must  be  determined  by  the  patient's  condition  ;  in  all 
cases  it  is  well  to  limit  the  indulgence  as  much  as  possible,  and 
in  many  to  forbid  it  wholly  ;  in  a  small  number,  moderate  indul- 
gence is  permissible. 
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In  most  cases  the  need  of  sleep  is  among  the  things  to  be  first 
attended  to,  and  in  connection  with  this,  all  exciting  and  fati- 
guing society  must  be  forbidden.  The  patient  must  also  avoid 
taking  cold,  and  clothe  himself  accordingly.  He  may  by  degrees 
harden  himself  by  using  cold  ablutions,  and  so  on. 

A  great  deal  of  fresh  air  will  almost  always  be  beneficial  to 
patients  ;  let  them  sit  or  drive  in  the  open  air,  especially  on  the 
mountain  and  in  the  forest.  This  is  the  principal  reason  for 
ordering  many  patients  to  pass  the  winter  in  the  south,  especially 
when  their  home  is  in  a  rough  northern  climate,  which  keeps 
them  in-doors  the  whole  winter.  Such  patients  will  find  a  winter 
in  South-western  Germany  a  great  pleasure  ;  others  will  like  the 
banks  of  the  Lake  of  Geneva,  the  Riviera,  Meran,  Venice,  etc., 
where  they  may  spend  several  hours  every  day  in  the  air.  All, 
however,  will  depend  on  individual  circumstances. 


■CHIRURGICAL  SrolETY 


II. 

SPECIAL  DISEASES. 


1.  Diseases  of  the  Membranes  of  the  Spinal  Cord. 

1.  Hyperemia  of  tlie  Meninges  of  tlie  Cord,  and  of  the  Cord 

itself. 

J.  p.  Frank,  De  vertebralia  columnjE  in  morbis  dignitate.  Select,  opuscul.  med. 
Ticin.  1792.  p.  l.—OUivier,  Trait6  des  malad.  de  la  mobile  6pin.  III.  6d.  1837. 
Tom.  n.  pp.  1-137. — flasse,  Krankh.  des  Nervensystems.  1855;  2.  Aufl.  1869. 
p.  656. — Brown- Sequard,  Diagnosis  and  Treatment  of  the  Principal  Forms  of 
Paralysis  of  the  Lower  Extremities.  London,  1861. — Hammond,  A  Treatise  on 
the  Diseases  of  the  Nervous  System.  8d  ed.  1873.  —  Leyden,  Klinik  der 
Riickenmarkskrankheiten.  L  1874.  p.  362. — M.  Rosenthal,  Klinik  der  Nerven- 
krankheiten.  2.  Aufl.  1875.  p.  270. — Gaune,  Epidemic  de  congestion  rhachid. 
Arch.  g6n.  Janv.  1858.  p.  1. — A.  Mayer,  Die  Bedeutung  des  Riickenschmerzes 
u.  s.  w.  Arch.  d.  Heilk.  L  1860.  p.  Zl^.—Leudet,  Arch.  g6n6r.  Mars.  1863. 
p.  257. — Desnos,  Observat.  de  congestion  m6ningo-spinale,  etc.  Gaz.  m6d.  de 
Paris.  1870.  No.  14.  p.  187. — Steiner,  Fall  von  Ruckenmarkshyperamie.  Arch, 
der  Heilk,  XI.  1870.  p.  233. 

It  is  impossible  to  treat  of  hj'-persemia  of  the  spinal  meninges 
without  including  that  of  the  spinal  cord.  And  it  is  hardly  con- 
ceivable that  any  considerable  hypersemia  of  the  meninges  should 
exist  without  a  similar  condition  existing  in  the  cord  also,  as  the 
vascular  supply  of  both  is  the  same.  The  symptoms  of  menin- 
geal and  spinal  hypersemia  coincide  ;  their  etiology  and  treat- 
ment are  the  same.  Defective  as  is  our  knowledge  of  both  forms 
of  disturbance,  we  must  therefore  consider  them  together. 

Definition. — By  hypera3mia  of  the  cord  and  its  membranes 
we  understand  an  increased  supply  of  blood  in  the  tissues  con- 
tained within  the  vertebral  canal,  the  spinal  cord,  its  membranes, 
and  the  extra-meningeal  cellular  tissue.    This  excess  of  blood 
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may  be  due  either  to  an  increased  Jlow  of  hlood,  when  it  is  usu- 
ally of  an  arterial  character  {actioe,  arterial  Jiyperoemia^Jiuxiori), 
or  to  arrest  of  the  return  current  of  blood,  when  it  is  usually  of 
a  venous  character  {passive  hypercemia,  venous  stasis).  In 
practice,  these  two  sorts  cannot  always  be  clearly  separated. 

The  frequency  and  importance  of  spinal  hyperajmia  have  certainly  been  over- 
estimated hitherto.  This  results  chiefly  from  the  fact,  that  in  many  fatal  cases 
tkose  who  examined  the  body  have  been  content  with  the  mere  macroscopic  ap- 
pearance of  hyperaemia  of  the  cord,  without  reflecting  that  a  cord  which  looks 
quite  normal  to  the  naked  eye  is  by  no  means  necessarily  so  in  its  finer  anatomy. 
Ollivier,  in  especial,  has  gone  much  too  far  in  this,  and  has  thrown  together  under 
the  title  of  "Congestions  spinales "  a  variety  of  things  which  are  certainly  of  a 
much  more  serious  character.  The  spinal  and  meningeal  hypersemias  certainly  need 
a  fresh  and  more  discriminating  study. 

Etiology  and  Pathogenesis. 

Little  is  known  as  to  the  existence  of  any  special  predisposi- 
tion to  spinal  hyperaemia.  On  the  contrary,  it  deserves  special 
attention,  that  the  arrangement  of  the  vessels  of  the  cord  pro- 
tects it  in  a  peculiar  manner  from  mechanical  disturbances  of 
circulation,  as  is  shown  by  Hayem's^  luminous  observations 
upon  the  distribution  of  the  arterial  and  venous  vessels  within 
the  spinal  canal.  The  many  anastomosing  arteries,  coming  from 
all  sides,  and  the  enormous  venous  plexuses,  which  carry  off 
the  blood  from  the  spinal  canal  both  above  and  below  the  dia- 
phragm, are  the  cause  of  this.  The  diseases  of  the  vessels  of 
the  cord  have  not  yet  been  accurately  studied. 

In  respect  to  the  occasional  causes,  we  must  attempt  to  dis- 
tinguish the  two  principal  forms  of  hyperaemia. 

Active  hyperaemia  has  certainly  some  relations  to  hypersemia 
of  the  brain  ;  this  follows  from  the  fact  that  the  spinal  arteries 
originate  from  the  vertebrals.  But  hyperaemia  of  the  cord  usu- 
ally recedes  into  the  background,  as  compared  with  hyperaemia 
of  the  brain,  if  the  latter  is  present. 

Hyperaemia  of  the  cord  and  its  membranes  is  produced — 

a.  'Bj functional  stimulation  of  the  cord.    In  this  case,  as 


Des  h^morrhagies  intrarhacMdiennes.  Paris.  1872.  pp.  7-20. 
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everywhere,  the  activity  of  the  organ  is  accompanied  by  an  in- 
creased flow  of  blood  towards  it ;  and  in  case  of  excessive  exer- 
tion the  flow  may  continue  and  form  a  pathological  state,  as  in 
overwork  of  body,  severe  marching,  violent  sexual  excitement, 
excess  of  coitus,  spinal  spasm,  and  so  on.  The  absolute  proof 
of  the  agency  of  either  of  these  circumstances  remains  to  be 
brought. 

b.  By  nutritive  stimulation.  Active  hypersemia  accompanies 
a  number  of  disturbances  of  the  nutrition  of  the  cord  and  its 
membranes,  is  never  absent  in  acute  inflammations  of  the  organ, 
and  in  the  first  stages  of  the  latter  is  often  the  only  macroscopic 
appearance. 

c.  By  toxic  stimulation.  Poisoning  with  strychnia,  nitrite 
of  amyl,  carbonic  oxide,  chronic  poisoning  with  alcohol  or  ab- 
sinthe, etc.,  produce  spinal  hypersemia. 

d.  By  collateral  fluxion^  as  in  sudden  suppression  of  the 
menses,  in  dysmenorrhoea,  in  the  turgor  of  haemorrhoids  or  men- 
struation, in  suppression  of  hsemorrhoidal  bleeding,  in  sup- 
pressed perspiration  of  the  feet  or  when  the  feet  are  always  cold, 
etc.  In  most  of  these  cases,  nothing  but  the  assumption  of  a 
lessened  resistance  on  the  part  of  the  spinal  vascular  system  can 
explain  why  this  particular  region  should  become  the  seat  of 
hypersemia. 

e.  By  the  effects  of  cold.  This  is  thought  by  Hammond  to  be 
the  most  common  cause  of  spinal  hypersemia  ;  a  wetting  to  the 
skin,  when  one  is  making  too  great  bodily  exertions,  is  thought 
especially  dangerous.  Cold  produces  its  effects  both  by  collate- 
ral fluxion,  through  interference  with  the  circulation  in  the  skin, 
and  also  by  a  reflex  action  from  the  cutaneous  nerves  upon  the 
spinal  vessels,  which  are  dilated. 

/.  By  traumatic  causes,  as  shock  to  the  cord,  a  fall  on  the 
back  or  seat,  etc.  (Leudet) ;  the  mechanism  of  this  action  is  still 
obscure. 

g.  Finally,  severe  febrile  diseases  (typhoid,  acute  exanthe- 
mata, malarial  infection,  etc.)  have  been  observed  to  be  accom- 
panied by  spinal  hypersemia,  and  the  latter  has  appeared  epi- 
demically in  a  girls'  boarding-school  (Gaune). 

Of  passive  hypercLmia,  the  most  prominent  cause  is  to  be 
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sought  in  general  mnous  congestion  or  stasis,  sucli  as  is  pro- 
duced by  diseases  of  the  lieart  and  lungs,  or  accompanies  severe 
spasmodic  affections  (tetanus,  eclampsia,  etc.),  and  occurs  dur- 
ing the  death-agony  ;  also,  in  local  venous  stasis,  especially  sucli 
as  is  produced  by  obstructions  in  the  portal  system,  or  in  the 
pelvic  veins,  in  the  case  of  hemorrhoids,  abdominal  plethora, 
affections  of  the  liver,  tumors  in  the  pelvis  or  by  the  side  of  the 
spine  pressing  on  the  venous  trunks  and  plexuses. 


Pathological  Anatomy. 

The  anatomical  evidence  bearing  upon  hypersemia  in  the  spi- 
nal canal  is  as  uncertain  and  ambiguous  as  possible.  Compara- 
tively very  few  spinal  canals  are  opened  at  autopsies,  which 
makes  it  hard  to  estimate  the  relative  proportion  of  normal  and 
of  pathological  conditions.  The  post-mortem  changes  add  a 
great  deal  to  the  difficulty  of  establishing  the  fact  of  h3''per8e- 
mia ;  the  arteries  are  emptied,  the  veins  over-filled ;  we  may 
find,  on  the  one  hand,  a  deceptive  disappearance  of  hypersemia, 
which  existed  during  life,  and,  on  the  other,  a  deceptive  appear- 
ance of  hypersemia,  having  its  origin  during  the  death-struggle 
or  after  death,  without  having  existed  during  life.  Add  to  this 
the  imbibition  of  the  coloring-matter  of  the  blood,  and  the  gravi- 
tation of  blood  to  dependent  parts — all  of  them  circumstances 
which  may  confuse  the  judgment  and  obscure  the  facts. 

Nevertheless,  the  existence  of  hypersemia,  in  marked  cases, 
can  generally  be  detected  with  certainty. 

Active  JiypercBmia  is  betrayed  by  a  rose-color  or  scarlet  red- 
ness of  the  cord  and  its  envelopes,  by  injection  of  the  minute 
vessels,  by  tortuosity  of  the  arteries  and  veins ;  the  white  sub 
stance  of  the  cord  appears  of  a  rose-color  ;  the  gray  is  darkened, 
reddish-gray,  brownish  ;  under  the  microscope  the  finer  arteries 
and  capillaries  are  seen  crowded  with  blood.  In  the  more 
marked  cases  punctiform  extravasations  and  ecchynioses  are 
seen  dotted  over  the  membranes  and  in  the  substance  of  the 
cord,  and  often  larger  extravasations.  The  spinal  fluid  is  usu- 
ally increased,  is  muddy,  and  of  a  reddish  color. 
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In  passive  liypercBmia  the  extra-meningeal  plexuses  of  veins 
are  especially  crowded  with  blood,  all  their  veins  are  enlarged 
and  tortuous,  and  the  coloration  approaches  a  cyanotic  hue. 
Ecchymoses  may  be  present  here  also  ;  the  spinal  fluid  is  almost 
always  increased  to  some  extent. 

In  a  few  cases  something  is  seen  which  lies  between  the  condi- 
tion of  congestion  and  that  of  inflammation. 

In  chronic  or  often-repeated  liypersemia  the  pia  and  arach- 
noid are  thickened  and  opaque,  and  highly  pigmented. 

These  hypersemias  do  not  always  extend  over  the  entire  spi- 
nal canal,  but  often  are  confined  to  the  cervical,  or  lumbar,  or 
other  portions. 

The  cerebral  hypersemia,  and  the  diseases  of  other  organs 
which  cause  spinal  hypersemia,  need  not  here  be  described. 

Symptoms. 

In  spite  of  the  great  certainty  with  which  congestions  and 
stases  of  the  cord  are  spoken  of,  their  symptoms  are  still  ex- 
tremely obscure,  and  the  diagnosis  is  surrounded  by  many  diffi- 
culties and  doubts.  We  may  therefore  sum  up  the  subject  very 
briefly,  leaving  to  the  future  a  more  thorough  elaboration  of  this 
branch  of  spinal  pathology. 

The  most  prominent  symptoms  are  those  of  sensory  irrita- 
tion ;  the  patient  complains  of  pain  in  the  loins  and  along  the 
spine;  the  pain  is  dull,  oppressive,  not  very  severe,  and  is  not 
always  increased  by  pressure  upon  the  spinous  processes.  The 
additional  symptoms  of  parcBsthesia  (tingling,  formication,  etc.) 
and  tearing  pain  in  the  extremities  (especially  the  lower)  are 
soon  perceived.  A  slight  hyper cesthesia  of  the  sJcin  is  usually 
associated  with  a  moderate  increase  of  reflex  activity.  The  girdle 
sensation  is  often  felt  (Hammond).  Symptoms  of  motor  irrita- 
tion are  more  rare ;  as  slight  transitory  jerking  of  the  muscles, 
trembling  of  the  limbs,  etc.  The  electrical  excitability  is  said  to 
be  often  increased  (M.  Rosenthal). 

All  these  symptoms  can  be  derived  without  difficulty  from 
the  increased  flow  of  blood,  and  the  consequent  stimulation  of 
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the  nervous  apparatus,  and  doubtless  belong  principally  to  tlie 
condition  of  active  bypersemia ;  but  they  may  also,  in  part,  be 
explained  by  the  mechanical  irritation  and  the  violence  done  to 
the  tissues  by  the  dilated  vessels. 

Distinct  symptoms  of  depression  are  also  seen,  and  usually 
make  their  appearance  at  the  beginning  with  those  of  ii"ritation. 
A  sensation  of  numbness  and  heamness  is  perceived  in  the  lower 
extremities  ;  slight  ancesthesia  is  also  demonstrable,  but  seldom 
in  a  severe  form.  Motor  weakness  is  never  absent,  though  usu- 
ally quite  moderate  in  amount  (slight  fatigue,  heaviness  of  the 
limbs),  and  it  is  rarely — perhaps  in  simple  hypersemia  never — 
the  case  that  complete  paraplegia  occurs.  Symptoms  of  weak- 
ness or  palsy  of  the  bladder  seem  rare,  but  are  occasionally  de- 
scribed. Hammond  says  that  he  has  often  observed  erection  of 
the  penis. 

It  is  not  easy  to  explain  the  paretic  symptoms.  We  may 
take  into  account  the  pressure  of  dilated  vessels  upon  the  ner- 
vous elements  of  the  cord  and  the  nerve-roots,  the  pressure  ex- 
erted by  an  increased  quantity  of  spinal  fluid,  and  finally,  per- 
haps, the  defective  nutrition  of  the  nervous  apparatus,  dependent 
on  the  blocking  of  the  circulation. 

The  symptoms  of  spinal  hypersemia  are,  almost  without  ex- 
ception, bilateral,  and  are  usually  limited  to  the  lower  half  of 
the  body,  or  at  least  they  begin  in  the  lower  extremities  ;  they 
seldom  ascend  to  the  upper,  and  if  they  do  the  extension  is  usu- 
ally rapid ;  the  respiration,  in  such  cases,  is  said  to  have  been 
disturbed,  with  short,  dyspnoic  breathing,  and  even  paralysis  of 
both  facial  nerves  (Steiner). 

Usually  the  symptoms  exhibit  a  certain  transitoriness,  which 
is  quite  characteristic  ;  they  change  their  seat  and  degree  of  se- 
verity quickly,  and  even  grave  symptoms  may  completely  dis- 
appear with  striking  rapidity. 

Brown-Sequard  says  that  he  has  observed  all  the  symptoms 
of  hypersemia  aggravated  by  lying  on  the  back,  with  the  head 
and  legs  raised,  while  they  were  relieved  by  lying  on  the  face,  or 
by  standing  and  walking,  owing  to  the  effect  of  gravitation  upon 
the  circulation  in  the  spinal  canal.  For  this  reason  such  patients 
are  said  to  feel  worse  in  the  morning  while  in  bed.    Others  say 
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that  standing  and  sitting  make  the  symptoms  worse,  especially 
those  of  paresis,  and  refer  this  to  the  gravitation  of  the  increased 
quantity  of  spinal  fluid  ;  such  patients  are  better  in  the  horizon- 
tal posture. 

There  is  no  fever  in  simple  hypersemia  of  the  cord.  The  pulse 
may  be  accelerated,  or  retarded,  if  the  hypersemia  extends  to 
the  spinal  centres  of  cardiac  innei-vation.  The  general  health  is 
more  or  less  interfered  with. 

Distinct  groups  of  symptoms  belonging  respectively  to  active 
and  passive  hypersemia  have  not  yet  been  made  out.  But  con- 
clusions drawn  from  the  preponderant  nature  of  the  symptoms 
will  in  most  cases  be  correct.  If  those  of  an  irritative  character 
prevail,  we  shall  think  rather  of  active  hypersemia  ;  if  symptoms 
of  depression,  of  a  passive  form.  But  we  should  remember  that 
most  of  the  symptoms  may  occur  in  either  form,  though  in  vari- 
ous degrees  of  intensity. 

Course. — The  development  of  hypersemia  of  the  cord  is  either 
sudden,  so  that  the  entire  series  of  symptoms  is  soon  completed, 
or  it  is  slow,  and  gradually  increases  in  intensity ;  this  is  the 
more  usual  case.  Having  been  developed,  they  continue  with 
various  degrees  of  fluctuation  for  days,  for  weeks,  or  months. 

The  disease  usually  ends  in  recovery ;  this  is  often  brought 
about  rapidly,  by  critical  hemorrhages  (menstruation,  hemor- 
rhoidal bleeding)  or  therapeutic  measures.  Relapses  are  not 
rare ;  and  the  cure  is  often  accomplished  by  a  very  gradual  dis- 
appearance of  all  the  symptoms. 

In  many  patients  (those  with  piles,  etc.),  we  find  hypersemia 
of  the  cord  becoming  Tiabitual^  returning  regularly  and  fre- 
quently. This  may  lead  by  degrees  to  severer  disturbances,  by 
the  development  of  chronic  inflammations  and  proliferation. 

Deaths  as  resulting  from  hypersemia  solely,  is  rare  ;  it  is  con- 
ceivable that  it  might  follow  an  extension  of  the  affection  to  the 
important  centres  in  the  medulla  oblongata  and  cervical  medulla. 
But,  as  a  rule,  the  danger  to  life  depends  on  hemorrhage,  soften- 
ing, and  other  changes  of  the  spinal  cord. 
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Diagnosis. 

A  demonstration  of  the  fact  that  hypersemia  can  exist  in  the 
spinal  cord  and  can  be  recognized  by  its  symptoms  is  not  re- 
quired. Although  its  existence  is  often  very  hard  to  demonstrate 
in  the  dead  body,  or  quite  impossible,  yet  is  its  existence  in  the 
highest  degree  probable,  besides  being  proved  by  a  number  of 
clinical  observations  which  are  hardly  susceptible  of  any  other 
interpretation. 

Not  all,  nor  nearly  all,  the  cases  known  in  literature  by  this 
name  are  to  be  considered  as  deserving  it ;  few  of  the  uncompli- 
cated cases  which  end  in  death  can  be  reckoned  as  hypersemia  ; 
and  if  nothing  is  discovered  at  the  autopsy  of  such  patients,  the 
cause,  doubtless,  lies  in  defective  methods  of  observation.  It 
certainly  seems  to  us  improper  to  interpret  as  simple  hypersemia 
the  large  class  of  cases  with  severe  and  threatening  symptoms 
{e.  g.,  the  case  of  Desnos,  numerous  cases  in  ODivier,  etc.) ;  and 
the  fact  that  nothing  besides  hypersemia  has  been  discovered  in 
many  instances  of  so-called  acute  ascending  paralysis,  after  care- 
ful microscopical  examination,  is  far  from  proving  that  the  fatal 
result  was  due  to  hypersemia. 

The  diagnosis  of  hyperseinia  of  the  structures  within  the 
spinal  canal  is  chiefly  based  upon  the  sUghtness  of  the  sensory 
and  motor  disturbances,  which  very  rarely  become  severe ;  upon 
the  frequent  and  rapid  changes  in  symptoms,  especially  as 
regards  their  location ;  upon  their  nonfehrile,  usually  short 
and  favorable  course,  and  upon  the  success  of  treatment  suited 
to  relieve  hypersemia. 

It  is  obvious  how  uncertain  these  signs  are,  and  how  hard  it 
is  to  separate  them  from  those  of  slight  inflammation  or  func- 
tional weakness.  It  is  the  duty  of  the  future  to  throw  light 
upon  the  matter.  For  the  present,  the  following  hints  must  suf- 
fice for  the  differential  diagnosis.  Spinal  hypersemia  is  distin- 
guished from 

Concussion  of  the  spinal  cord,  by  its  comparative  slowness  of 
access,  mildness,  and  rapid  disappearance  ; 

Spinal  meningitis,  by  the  absence  of  spasm  of  the  back  and 
neck,  fever,  and  pains  on  moving  the  limbs  ; 
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Amte  myelitis,  by  the  absence  of  fever,  severe  symptoms  of 
paralysis,  contractures,  paralysis  of  the  bladder,  and  bed-sores  ; 

Spinal  apoplexy,  by  the  comparatively  slow  development, 
slightness  of  the  paralytic  symptoms,  and  rapid  termination  in 
recovery  ; 

Spinal  ancemia,  chiefly  by  the  fact  that  lying  on  the  back 
gives  relief  to  the  symptoms  of  the  latter. 

Thus,  by  exclusion  and  by  observation  of  the  course  of  the 
disease,  we  shall  in  many  cases  attain  a  tolerably  certain  diag- 
nosis. 

The  prognosis  of  spinal  hypersemia  must  be  regarded  as  fa- 
vorable upon  the  whole.  Serious  complications  may,  of  course, 
render  it  gloomy.  In  habitual,  frequent  hypersemia,  if  the  cause 
continues  to  exist,  if  the  walls  of  the  blood-vessels  possess  little 
power  of  resistance  (involving  the  danger  of  hemorrhage),  the 
prognosis  will,  of  course,  be  serious. 

Treatment. 

Everything  must  first  be  tried,  to  fulfil  the  causal  indication 
— in  regard  to  which,  detailed  directions  will  not  be  required. 
The  most  favorable  cases  are  those  where  we  can  ascertain  that  a 
discharge  has  been  interfered  with,  or  venous  congestion  exists, 
or  exposure  to  cold  has  occurred ;  the  remedies  for  these  are 
obvious. 

As  a  direct  measure  against  the  hypersemia,  the  patient  should 
be  made  to  take  a  suitable  position,  avoiding  the  back,  and 
preferring  the  side  or  face,  with  the  extremities  as  low  as  possi- 
ble. Next  in  order,  hlood-letting  is  the  remedy  most  recom- 
mended. Venesection  will  be  practised  only  when  the  symptoms 
are  very  violent — in  plethoric,  robust  persons ;  a  much  better 
plan  is  to  draw  blood  from  the  region  of  the  spinal  column, 
or  from  the  anus,  vagina,  cervix  uteri,  etc.,  according  to  the 
nature  of  the  case.  From  ten  to  twelve  moist  cups  along  the 
vertebral  column,  or  a  corresponding  number  of  leeches,  repeated 
according  to  circumstances  at  fixed  intervals,  will  be  most  useful. 

The  attempt  has  also  been  made  to  treat  spinal  hyperfemia 
by  derivation  to  the  skin.    A  great  variety  of  remedies  may  be 
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used  ;  the  physician  may  select  according  to  his  patient's  special 
case,  but  the  indications  are,  unfortunately,  very  unsettled.  The 
cold-water  treatment  has  certainly  a  considerable  sphere.  For 
active  liypersemias,  the  hydro-therapeutists  recommend  milder 
procedures,  as  cool  affusion  and  wraps  to  the  back,  soothing 
frictions,  and  sitz-baths  ;  for  the  passive  form,  a  more  energetic 
course,  including  cold  affusions  and  douches,  exciting  sitz-baths, 
energetic  cold  packing,  and  sea-baths  ;  for  such  cases  the  gaseous 
thermal  brine-baths  (Relime  and  Nauheim)  seem  especially  suited. 

A  direct  derivation  of  the  blood  to  the  skin  is  obtained  by 
hot  foot-baths  with  mustard  and  the  like,  by  the  warm  douche 
applied  several  times  a  day  to  the  back,  by  washing  with  a  cold 
and  a  hot  sponge  alternately,  by  moderately  warm  full  baths. 

Sinapisms,  blisters,  etc.,  may  also  be  of  use  in  some  cases. 

A  direct  action  upon  the  vessels  of  the  cord  has  been  attempted 
by  applying  Chapman' s  ice-hags  to  the  back,  and  by  the  galxanic 
current.  The  indications  for  these  measures  are  not  precise,  and 
it  will  be  necessary  in  each,  case  to  be  governed  by  the  success 
that  seems  to  be  obtained. 

Derivation  to  the  intestine  is  also  much  favored  in  the  form 
of  saline  purgatives,  or,  in  more  chronic  cases,  of  the  saline  medi- 
cinal springs  (Homburg,  Kissingen,  Marienbad,  Karlsbad,  etc.). 

Among  internal  remedies,  ergotin  and  belladonna  should  be 
tried  by  preference ;  the  former  must  be  given  in  large  doses 
(Hammond). 

Diet  and  regimen  must  be  governed  by  personal  circum- 
stances ;  everything  which  might  increase  the  hypersemia  (espe- 
cially coitus)  must  be  avoided. 

2.  '  HemorrTiages  of  the  Membranes  of  the  Cord — Hmmator- 
rhachis — Meningeal  Apoplexy. 

OUivier,  1.  c.  3"  gd.  I.  p.  465;  11.  pp.  90-127.— JETasse,  1.  c.  2.  Aufl.  p.  664.— 
Hammond,  1.  c.  3d  edition,  p.  440. — Leyden,  Klinik  der  Riickenmarkskrank- 
heiten.  I.  p.  ZQ1.—M.  Boaenthal,  1.  c.  2.  Aufl.  p.  274. 

Fallot,  H^morrhag.  m6ning6e  spinale  sousarachn.  Arcli.  gCn.  1830.  T.  XXIV.  p. 
438. — Boscredon,  De  I'apoplexie  mC-ningge  spinale.  Th6se.  Paris,  1855. —  Ch. 
Bernard,  Observ.  d'h^morrh.  rhacliid.  Union  m6d.  1856.  No.  62. — Jaccoud, 
Les  paraplSgies  et  I'ataxie.  Paris,  1864.  p.  232. — Levier,  Beitrage  zur  Path- 
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ologie  der  Ruckeumarksapoplexie.  Diss.  Bern.  1864.  (Contains  a  copious  list 
of  autiiorities). — Rob.  Jackson,  Case  of  Spinal  Apoplexy.  Lancet.  July  3.  1869. 
— Hayem,  Des  liemorrliag.  intrarhacliidiennes.  Thbse.  Paris,  1873. — Rabow, 
Fall  von  Meningealapoplexie  in  Folge  von  iibermiissiger  Korperanstrengung. 
Berliner  klin.  Wochens.  1874.  No.  53. 

Definition. — HtBmatoiTliacliis  implies  any  effusion  of  hlood 
in,  about,  or  hetioeen  the  spinal  meninges.  It  occurs  rarely,  but 
in  quite  a  characteristic  manner.  The  vertebral  canal  does  not 
present  favorable  conditions  for  the  production  of  hemorrhage, 
as  has  been  reasonably  explained  by  Hasse. 

Etiology  and  PatJiogenesis. 

Little  is  known  regarding  the  individual  predisposition  to 
meningeal  hemorrhage.  Most  of  the  cases  are  observed  in  men. 
Of  diseases  of  the  vessels  of  the  meninges  (fatty  degeneration, 
atheroma),  we  are  mainly  ignorant.  The  relation  of  hypertrophy 
of  the  heart  to  these  hemorrhages  has  not  been  examined. 

Among  the  occasional  causes,  the  first  to  be  mentioned  are 
surgical  injuries  of  the  vertebral  column,  with  or  without  direct 
lesion  of  the  membranes.  Such  hemorrhages  have  been  observed 
to  occur  in  consequence  of  stabs  with  swords  and  knives,  frac- 
tures, contusions,  and  shocks  of  the  column,  a  fall  on  the  feet 
and  seat,  or  upon  the  arms  and  back  of  the  neck,  in  new-born 
children  after  severe  labor,  etc. 

Inflammatory  and  carious  processes  in  the  vertebra  have  in 
some  cases  led  to  lesion  of  the  membranes  and  to  bleeding  from 
them.  Congestions  of  the  vertebral  canal  and  its  contents  (the 
causes  of  which  have  been  enumerated  in  the  previous  section), 
especially  those  due  to  suppression  of  the  menses  or  of  a  hemor- 
rhoidal discharge,  are  considered  especially  important  causes  of 
meningeal  apoplexy.  Mental  emotions  may  act  in  a  like  manner 
by  increasing  the  action  of  the  heart. 

Excessive  bodily  exertions  are  a  frequent  cause  of  meningeal 
bleedings,  probably  through  disturbances  in  the  circulation : 
such  are  the  lifting  of  a  heavy  weight  (Rabow),  sudden  violent 
moveniput,  etc.    Among  these  should  be  included  the  meningeal 
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apoplexies  wliicli  so  often  occur  during  tlie  niolent  spasms  of 
epilepsy,  eclampsia,  tetanus,  trismus  neonatorum,  etc. 

The  bursting  of  hlood-Dessels  or  aneurisms  into  the  vertebral 
canal  has  been  repeatedly  observed  (Laennec,  A.  Cooper,  Pfeufer, 
Traube,  and  others). 

Blood  effused  in  the  train  or  cerebral  membranes  often  passes 
down  and  fills  the  cavity  of  the  spinal  canal. 

Of  the  occurrence  of  these  bleedings  in  the  various  hemor- 
rhagic and  infectious  diseases  (scurvy,  morbus  maculosus, 
hemorrhagic  small-pox,  typhoid,  etc.)  little  is  known,  except 
from  a  few  reports  of  autopsies  (see  Hayem). 

Pathological  Anatomy. 

It  is  necessary  here  to  distinguish  the  various  forms  according 
to  the  position,  distribution,  and  extent  of  the  bleeding.  We 
pass  over  those  small  ecchymoses  and  suggillations  which  so 
often  accompany  hypertemia  and  inflammation  within  the  verte- 
bral canal. 

Bleeding  between  the  dura  mater  and  the  vertebral  canal  (in 
the  extra-meningeal  cellular  tissue)  is  probably  the  most  frequent 
cause.  A  dark,  usually  coagulated  extravasation  covers  the 
outer  surface  of  the  dura  to  a  varying  depth,  and  infiltrates  the 
cellular  tissue  between  it  and  the  vertebral  canal,  especially  at  its 
posterior  wall.  This  extravasation  may  enclose  the  entire  dura, 
but  more  usually  it  embraces  it  only  partially  ;  not  rarelj^  there 
are  several  separate  foci.  The  dura  is  sufllused  with  blood  to  a 
greater  or  less  extent,  and  often  covered  with  ecchymoses.  The 
extravasation  must  be  very  considerable  in  order  to  produce  a 
visible  compression  or  change  in  the  cord.  It  often  extends 
around  the  nerve-trunks  passing  out  of  the  vertebral  canal. 

Bleeding  between  the  dura  and  the  arachnoid  (in  the  so- 
called  arachnoid  sac)  is  usually  diffuse,  very  movable,  partly 
fluid  and  partly  coagulated,  and  usually  consists  of  blood  ef- 
fused in  the  brain,  though  it  may  proceed  from  the  bursting  of 
vessels  in  the  spinal  meninges. 

Of  the  hemorrhage  accompanying  many  forms  of  internal  pachymeningitis,  pro- 
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clucing  lifEinatoma  of  the  dura  mater,  and  situated  likewise  between  the  dura  and 
the  arachnoid,  we  will  speak  under  Inflammations  of  the  Dura  Mater. 

Bleeding  in  the  araclmoid  and  pia  (so-called  snbaraclmoidal 
bleeding)  is  rare.  It  usually  occurs  in  the  subarachnoid  cellular 
tissue,  as  the  dense  tissue  of  the  pia  seems  little  suited  to  extra- 
vasations. A  more  or  less  thick  layer  of  dark-red,  coagulated 
blood,  infiltrated  into  the  tissue  of  the  soft  membranes,  sur- 
rounds the  cord  like  a  sheath,  partly  or  completely,  but  in  most 
cases  it  is  limited  in  longitudinal  extent,  being  confined  to  the 
length  of  one  or  two  vertebrse.  It  may  be  found  at  various 
levels,  and  in  all  cases  it  inflicts  severe  injury  upon  the  cord. 

In  all  these  forms  of  bleeding,  the  meninges  usually  exhibit 
but  slight  signs  of  reactive  inflammation. 

The  cord  itself  may  be  more  or  less  compressed,  stained  with 
red,  softened,  and  (in  the  neighborhood  of  the  seat  of  hemor- 
rhage) hypersemic.  The  same  is  true  of  the  nerve-roots.  The 
spinal  fluid  is  turbid  and  of  the  color  of  blood. 

Little  is  known  regarding  the  other  changes  associated  with 
extravasations.  But  it  is  hardly  doubtful  that  in  the  spinal 
canal  the  color  soon  disappears,  and  the  extravasation  is  partly 
reabsorbed  and  organized.  Adliesion  of  the  membranes,  prolifer- 
ation of  connective  tissue,  and  strong  pigmentation  of  the  mem- 
branes, are  considered  as  the  final  changes. ,  ,,,r-o-r  o .   i  m  ■ 

LtLUS<5cWLST-HiJlNLi 

8y,nptoms.  «DICO-CHIRURGICAL  SOCIETY 

The  disease  usually  begins  suddenly  and  molently — often  in 
the  manner  of  apoplexy.  The  patient  suddenly  falls,  with  vio- 
lent pains,  almost  always  without  serious  disturbances  of  con- 
sciousness and  sense.  This  mode  of  attack  may  be  more  or  less 
complicated  by  the  causes,  by  the  nature  of  the  injury,  etc. 

A  slow  development  of  the  symptoms  is  rarer  ;  with  warnings 
of  various  kinds,  symptoms  of  spinal  congestion,  lumbar  pain, 
headache,  for  a  longer  or  shorter  time  before  the  attack.  Pare- 
sis then  slowly  appears,  often  unaccompanied  by  pain.  The  se- 
verity of  the  symptoms  may  increase  after  a  few  hours  or  days. 

The  characteristic  symptoms  are  first  those  of  excitement, 
caused  by  physical  irritation  of  the  meninges  with  their  abun- 
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dant  nerves,  tlie  nerve-roots,  and  the  cord  itself,  next  those  of 
paralysis,  dependent  on  the  pressure  of  the  extravasation  upon 
the  cord  and  nerve-roots.  According  to  the  seat  of  the  extrava- 
sation, it  may  press  more  npon  the  sensory  or  the  motor  por- 
tions. 

The  phenomena  of  excitement  are  the  most  prominent  at  the 
fii'st,  and  chiefly  consist  of  a  violent  pain,  localized  at  a  spot 
answering  to  the  seat  of  the  bleeding,  and  radiating  in  various 
directions,  usually  corresponding  to  the  distribution  of  the  nerve- 
roots  fii'st  attacked.  With  this  are  conjoined  excentric  sensa- 
tions, pain,  formication,  burning,  tingling,  etc.,  in  the  same  re- 
gions ;  hyperaesthesia  is  also  occasionally  mentioned,  but  this 
seems  rather  to  belong  to  the  period  of  reactive  inflammation. 

Symptoms  of  motor  excitement  appear  at  the  same  time, 
which  seem  to  be  of  characteristic  importance.  Spasmodic  jerk- 
ing of  the  muscles,  occasionally  increasing  to  complete  convul- 
sions, trembling  of  the  extremities,  tonic  tension  and  contracture 
of  various  groups  of  muscles,  are  the  chief  of  these.  They  may 
become  so  active  and  so  prominent  that  a  special  form  of  ' '  con- 
vulsive" meningeal  apoplexy  has  been  distinguished.  These 
spasms  are  partly  deducible  from  direct  irritation  of  the  motor 
roots,  and  partly  from  reflex  excitement. 

The  nertehral  column  is  stiff'  and  painful  at  this  stage,  mak- 
ing it  very  hard,  or  quite  impossible,  to  rise  in  bed,  sit,  or  bend. 
Great  excitement  and  loss  of  sleep  are  caused  by  these  pains  and 
the  muscular  contractions. 

The  remarkable  observation  by  Jackson  proves  that  these  symptoms  of  irritation 
are  not  necessarily  always  present ;  in  the  case  given  by  him  they  were  entirely  -want- 
ing. 

It  is  not  long,  especially  if  the  quantity  of  blood  effused  is 
considerable,  before  paralytic  symptoms  appear  in  the  lower 
half  of  the  body,  but  seldom  reaching  a  great  development,  or 
amounting  to  complete  paraplegia.  As  a  rule,  the  patient  has  a 
furry  feeling,  numbness,  sensations  of  swelling  and  heaviness  in 
the  limbs  and  trunk,  with  more  or  less  distinct  anaesthesia  in  the 
same  parts.  A  feeling  of  very  great  muscular  weakness  and  ex- 
haustion indicates  the  same  disturbances  in  the  motor  sphere  ;  a 
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more  or  less  severe  paresis  is  more  frequent,  and  complete  paral- 
ysis is  rare.  The  distribution  depends  on  the  seat  of  extravasa- 
tion. 

He/lex  excitability  has  been  found  depressed  in  a  few  cases, 
but  this  probably  occurs  only  in  the  regions  supplied  by  the 
nerve-roots  directly  affected,  though  it  might  be  exaggerated  in 
the  regions  posterior  to  such  roots. 

Weakness  of  tlie  bladder  and  rectum  is  rarely  mentioned, 
but  is  usually  present  in  severe  cases. 

Femr  is  absent,  at  least  at  the  beginning  of  the  disease ;  it 
may  appear  during  the  irritative  reaction  which  sets  in  on  the 
second  or  third  day,  but  never  becomes  excessive. 

According  to  the  various  levels  occupied  by  the  extravasa- 
tion in  the  cord,  the  symptoms  differ  a  little.  The  following 
symptoms  indicate  that  the  cervical  region  is  affected : 

The  attack  begins  with  pain  in  the  arms  and  shoulders,  with 
stiff  neck  and  pain  in  the  occiput ;  anaesthesia  and  paralysis 
most  marked  in  the  upper  extremities  ;  oculo-pupillary  symp- 
toms ;  difficulty  of  breathing  and  swallowing  ;  violent  dyspnoea  ; 
retarded  and  weak  pulse. 

The  dorsal  region  is  indicated  when  there  is  pain  in  the  back 
and  abdomen  and  pain  in  the  form  of  a  girdle,  stiffness  of  the 
dorsal  part  of  the  spine,  paralysis  of  the  legs  and  the  abdominal 
muscles  ;  retained  reflex  power  in  the  legs. 

The  lumbar  region  is  indicated  when  there  is  pain  in  the 
loins,  tearing  pains  in  the  lower  extremities,  the  loins,  perineum, 
bladder,  and  genitals  ;  stiffness  of  the  loins  ;  well-marked  paral- 
ysis of  the  lower  extremities,  with  loss  of  reflex  activity  ;  paraly- 
sis of  bladder  and  rectum. 

Course  and  Termination. — After  a  sudden  or  gradual  begin- 
ning, the  symptoms  usually  remain  stationary  for  a  certain  time, 
and  sooner  or  later  take  a  turn  for  the  better.  The  symptoms  of 
reactive  inflammation  are  seldom  prominent,  or  they  disappear 
among  the  other  symptoms.  Slight  fever  appearing  on  the  second 
or  third  day,  with  renewed  pains,  more  distinct  hypersesthesia, 
etc.,  should  be  referred  to  the  same;  after  two  or  three  weeks 
these  symptoms  usually  disappear. 

In  the  majority  of  cases  the  disease  runs  a  favorable  course, 
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unless  the  nature  of  tlie  cause  or  tlie  complications  prevent  it. 
A  gradual  improvement  in  the  symptoms  occurs,  the  paralysis 
disappears,  but  partial  anaesthesia  and  paralysis  often  remain 
for  a  long  time.  The  whole  course  is  usually  run  in  a  limited 
time ;  in  a  few  weeks  or  months  a  tolerably  satisfactory  cui-e 
may  be  completed. 

Death  is  not  rare — often  occurring  in  a  few  houi's  or  days  ; 
as  when  the  extravasation  is  at  a  high  level,  and  produces  dis- 
turbance of  the  heart  and  respiration,  or  when  blood  effused 
extends  upward  to  the  brain,  or  when  the  central  nervous  system 
suffers  a  sudden  severe  impression  (shock).  If  the  extravasations 
are  considerable,  the  severity  of  the  compression  may  lead  to 
complete  paraplegia,  cystitis,  bed-sores,  etc.,  and  death  may 
occur  at  a  late  stage. 

Diagnosis. 

The  diagnosis  of  a  meningeal  hemorrhage  is  not  always  pos- 
sible. If  other  severe  diseases  of  the  nervous  system  are  present 
(hemorrhage  of  the  brain,  tetanus,  convulsions,  injury  of  the 
cord),  it  will  not  be  in  our  power  to  recognize  the  complicating 
element  of  meningeal  apoplexy,  except  under  very  peculiar  cir- 
cumstances. In  such  cases  it  will  usually  fail  to  be  recognized, 
but  that  is  seldom  of  much  consequence. 

The  diagnosis  of  idiopathic  and  uncomplicated  meningeal 
apoplexy  can,  however,  be  established  in  many  cases. 

It  is  chiefly  based  upon  the  sudden  occurrence  of  the  symp- 
toms, upon  the  peculiar  combination  of  symptoms  of  meningeal 
irritation  and  spinal  paralysis,  upon  the  absence  of  severe 
cerebral  symptoms,  the  paraplegic  character  of  the  symptoms  at 
the  outset,  the  speedy  improvement  in  the  more  severe  symp- 
toms, and  the  usually  favorable  termination.  If  we  know  the 
cause,  that  knowledge  will  often  assist  the  diagnosis. 

There  is  a  series  of  spinal  troubles,  which  closely  resemble 
meningeal  apoplexy  in  their  symptoms,  and  are  hard  to  distin- 
guish from  it ;  such  are  : 

Commotio  medullce  spinalis  (shock),  in  which  the  symptoms 
of  spasm  are  wanting,  and  the  paralysis  reaches  its  highest  point 
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at  the  onset.  It  should  be  remembered  that  commotio  and  menin- 
geal apoplexy  may  occur  together. 

Bleeding  in  the  substance  of  the  cord  (spinal  apoplexy)  is 
usually  followed  by  severe  palsy,  including  especially  a  high 
degree  of  anaesthesia ;  the  pain  and  tendency  to  spasm  are  less 
marked ;  the  latter  is  said  by  Brown- Sequard  to  be  always  ab- 
sent in  hasmatomyelia.  This  lesion  usually  causes  rapid  death,  or 
incurable  paralysis. 

Meningitis  and  myelitis  can  usually  be  distinguished  with 
readiness ;  they  do  not  develop  so  rapidly,  or  if  they  do,  they 
are  always  accompanied  by  fever.  But  the  central  myelitis 
which  begins  with  fulminant  symptoms  (see  below,  under  Mye- 
litis) may  give  rise  to  confusion.  In  the  latter,  however,  severe 
anaesthesia  is  never  wanting,  and  the  paralysis,  also,  is  usually 
complete  from  the  beginning. 

For  the  diagnosis  of  the  seat  of  the  hemorrhage,  the  points 
given  above  may  suffice  ;  it  may  be  ascertained  from  the  distribu- 
tion of  the  symptoms  of  palsy  or  irritation. 

IhQ  prognosis  is  always  dubious  ;  but  if  the  causal  injury  be 
not  especially  severe,  and  the  extent  of  the  hemorrhage  not  very 
grea,t,  it  may  be  considered  as  comparatively  favorable.  We 
may  say  that  if  the  first  few  days  are  passed  in  safety,  the  prog- 
nosis will  become  more  favorable. 

It  is  an  unfavorable  circumstance  when  the  bleeding  is  very 
considerable,  or  is  seated  in  the  cervical  region,  or  when  marked 
reactive  symptoms  occur,  or  severe  paraplegic  symptoms,  cysti- 
tis, bed-sores,  etc. 

If  the  bleeding  is  of  small  extent  and  the  symptoms  corre- 
spondingly mild,  if  the  reaction  is  moderate  and  the  patient 
young,  all  these  circumstances  are  in  the  patient's  favor. 

Confinement  to  the  bed  of  one  or  two  months'  duration,  fol- 
lowed by  a  convalescence  of  several  months,  may  be  predicted. 

Treatment. 

Much  can  be  done  by  way  of  prevention  ;  by  treating  hyper- 
emia of  the  cord,  or  spasms,  by  regulating  the  menses,  the  hem- 
orrhoidal bleeding,  etc. 
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When  the  symptoms  oJ;  meningeal  bleeding  Jiave  occurred, 
the  first  thing  to  be  prescribed  is  absolute  rest  in  a  proper  posi- 
tion (upon  the  side  or  face).  Then  the  bleeding  must  be  pre- 
vented from  extending  ;  the  usual  remedies  consist  of  the  ener- 
getic application  of  ice  to  the  mrtehral  column,  repeated  powerful 
purges,  and  full  local  'bloodletting  (on  the  spine  or  anus).  The 
effect  of  these  may  be  aided  by  hot  applications  to  the  extremi- 
ties, and  by  the  internal  or  subcutaneous  exhibition  of  large 
doses  of  ergotin.  The  diet  must  of  course  be  properly  regulated. 
Venesection  can  only  be  justified  by  very  special  circumstances 
(great  plethora,  violent  action  of  the  heart). 

If  symptoms  of  inflammatory  reaction  appear,  the  local  blood- 
letting along  the  spine  may  be  repeated,  and  as  Leyden  recom- 
mends, small  portions  of  mercurial  ointment  may  be  rubbed  in, 
and  calomel  given  in  subdivided  doses. 

The  period  of  resorjDtion  demands  special  attention ;  it  may 
be  hastened  by  the  internal  and  external  use  of  iodine,  by  luke- 
warm baths,  by  a  proper  cold-water  treatment,  by  the  galvanic 
current.  In  later  stages,  the  patient' s  strength  may  be  supported 
and  restored  by  tonics  (quinia)  and  nux  vomica. 

In  many  cases  a  symptomatic  treatment  is  demanded  ;  thus, 
in  the  beginning,  for  the  relief  of  pain  and  spasm  (narcotics,  etc.) ; 
later,  for  anaesthesia  and  paralysis  (electricity) ;  for  cystitis,  bed- 
sores, etc 

3.  Inflammation  of  tTie  Spinal  Dura  Mater — Pachymeningitis 

Spinalis — Perimeningitis. 

OlUvier,  1.  c.  II.  pp.  273,  280.  3cl  edi.— Basse,  ].  c.  2.  Aufl.  p.  Leyden,  1.  c. 

pp.  385-406.— if.  Bosenthal,  1.  c.  2.  Aufl.  p.  279. 

H.  Koehler,  Monograpliie  der  Meningitis  spin.  1861. — Ruelde,  Klin.  Mittheiluugen. 
I.  Bd.  Zur  Compress,  des  R.-M.  Greifsw.  med.  Beitr.  I.  p.  5.  1863. — Trauhe, 
Deutsche  Klinik.  1863.  No.  20;  Gesamm.  Abhandl.  II. — Mamikopf,  Berlin, 
klin.  Woclienschr.  1864.  Nos.  4-7. — A.  Meyer,  De  pachymeningitide  cerebro- 
spin.  interna.  Diss.  Bonn.  1861. — Th.  Simon,  Ueber  den  Zustand  des  R.-JI. 
in  der  Dementia  paralytica.  Archiv  f.  Psych,  u.  Nervenkrankh.  11.  1869.  \:>. 
137,  143,  347. — R.  H.  Mueller;  Ueber  Peripachymeningitis.  Diss.  Konigsberg. 
1868.— ^r.  Wagner,  Arch,  der  Heilkunde.  XI.  1870.  p.  222.— GJiwcot,  Pachy- 
mCningito  oervicale  hypertrophique.  Soc.  de  Biol.  1871.  p.  35  ;  Gaz.  mod.  de 
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Paris,  1873.  No.  9  ;  Legons,  etc.  3"  B6rie.  3«  fasc.  p.  346.  1874:.— Joffroy,  De  la 
pachymtin.  cervic.  liypertroph.  Paris,  1873. 

The  inflammations  of  the  spinal  dura  mater,  though  known 
for  a  long  time,  have  not  been  closely  studied  till  quite  lately. 
The  significance  of  the  disease  has  been  better  recognized,  and 
a  sharper  line  of  separation  from  the  other  forms  of  spinal  men- 
ingitis has  been  drawn,  since  it  has  been  observed  to  occur  iso- 
lated and  spontaneously. 

It  is  true  that  there  exist  but  very  few  good  observations  ;  for 
this  reason,  the  symptoms  and  diagnosis  are  very  imperfectly 
made  out.  But  we  may  properly  make  a  distinction  of  two 
forms,  according  as  the  outer  surface  of  the  dura  is  preferred, 
and  the  morbid  products  are  deposited  between  the  dura  and  the 
vertebral  column  (external  pachymeningitis),  involving  the  loose 
cellular  tissue,  or  as  the  inner  surface  is  attacked,  and  becomes 
the  seat  of  deposits  (internal  pachymeningitis). 

a.  Pacliy meningitis  Spinalis  Externa — Pei'ipacliy meningitis. 

Definition. — This  disease  consists  of  inflammation  of  tTie 
outer  surface  and  layers  of  the  dura  and  of  the  cellular  tissue 
surrounding  it.  The  morbid  products,  exudation,  pus,  connec- 
tive tissue,  are  deposited  between  the  dura  and  the  vertebral 
column.  •  This  form  of  meningitis  has  been  studied  in  but  very 
few  cases,  and  is  in  much  need  of  further  examination. 

The  chief  cause  of  this  form  of  inflammation  consists  in  the 
presence  of  inflammation  of  the  mcinity,  which  extends  to  the 
dura  and  the  cellular  tissue  outside  of  the  meninges.  This  is 
quite  certainly  the  case  in  vertebral  caries,  and  in  deeply  ulcer- 
ated bed-sores.,  which,  especially  when  seated  on  the  sacrum, 
easily  provoke  irritation  of  the  structures  within  the  cord.  A 
similar  thing,  however — extension  of  the  purulent  and  phlegmo- 
nous process  of  inflammation  into  the  canal — has  been  observed 
in  purulent  inflammation  of  the  dorsal  muscles  and  the  psoas 
(Traube),  in  inflammation  in  the  connective  tissue  of  tlie  neck 
(Mannkopf),  in  the  subpleural  cellular  tissue  (H.  Mueller),  and 
all  possible  forms  of  chronic  inflammation  of  the  abdomen  and 
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thorax,  especially  peripleuritis,  and  also  neuritis  migrans,  liave 
been  named  as  possible  causes  of  peripachymeningitis. 

It  seems  to  us  that  this  view  of  the  secondary  nature  of  the  disease  is  carried 
quite  too  far.  The  observations  which  are  quoted  in  proof  certainly  leave  much 
room  for  doubt.  Traube's  cases  are  explained  by  him  upon  the  supposition  that 
the  pachymeningitis  externa  was  the  primary  complaint,  the  suppuration  extending 
thence  into  the  muscles  of  the  back.  This  is  quite  in  harmony  with  the  clinical 
course  and  the  results  of  autopsies.  It  is  more  natural  and  probable,  a  imori,  that 
pus  should  force  its  way  out  through  orifices  in  the  narrow  vertebral  canal,  with  its 
rigid  walls,  and  should  afterwards  spread  in  this  direction  or  that,  than  that  sup- 
puration of  several  muscles  should  find  its  way  simultaneously  into  the  vertebral 
canal.  There  is  a  case  in  the  Medical  Times  for  January  6, 1855,  p.  19,  unfortunately 
reported  very  incompletely,  which  seems  to  confirm  this  view.  An  observation  by 
Ollivier  '  seems  to  us  of  still  more  importance.  In  Mannkopf's  case  the  secondary 
nature  of  the  peripachymeningitic  lesion  could  only  be  made  extremely  probable. 
R.  H.  Mueller's  case  cannot  jjrove  anything,  as  the  connection  between  the  peri- 
pleuritic  membranes  and  those  of  tlie  peripachymeningitis  was  in  no  way  proved, 
and  there  were  also  found  similar  membranes,  quite  isolated,  on  the  outer  surface 
of  the  cerebral  dura  mater.  The  case  reported  by  Leyden  lacks  the  confirmation 
of  an  autopsy. 

We  are  therefore  probably  justified  in  claiming  the  possibilit}'- 
of  the  spontaneous  and  primary  origin  of  pachymeningitis  ex- 
terna, especially  as  there  is  no  solid  objection  to  it. 

We  must  await  the  result  of  further  observations,  for  infor- 
mation as  to  whether  surgical  injuries,  exposure  to  cold,  sj^philis 
and  other  causes  may  not  originate  this  disease. 

FatJiologieal  Anatomy. 

More  or  less  of  the  spinal  dura  mater  is  thickened  ;  its  outer 
layers  are  separated  by  inflammatory  exudations,  infiltration 
with  cells,  etc.  This  alteration  is  usuall}^  confined  to  short  por- 
tions of  the  cord,  the  level  of  a  few  vertebrae,  but  it  may  extend 
over  the  greater  part  of  the  dura. 

On  the  outer  surface  there  is  found  a  more  or  less  abundant 
exudation  of  varying  thickness  ;  it  has  been  found  as  much  as 
half  an  inch  thick  (Ruehle).    This  consists  either  of  pus,  either 
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fluid,  or  dry  and  caseous,  enclosed  in  thickened  connective  tis- 
sue, and  with  the  extrameningeal  cellular  tissue  infiltrated  ;  or 
of  a  soft,  plastic,  reddish  gray  young  connective  tissue,  very  vas- 
cular, sometimes  covered  with  pus  and  full  of  small  abscesses, 
sometimes  undergoing  cheesy  degeneration.  The  last  is  the  usual 
case  in  pachymeningitis  resulting  from  vertebral  caries  (Mi- 
chaud) ;  there  is  a  fungoid  growth,  originating  from  the  outer 
surface  of  the  dura,  which  is  stimulated  to  produce  the  growth 
by  the  presence  of  carious  pus. 

The  essential  disease  is,  therefore,  an  inflammation  of  the 
outer  layers  of  the  dura  and  the  surrounding  cellular  tissue, 
with  exudation  of  a  purulent,  plastic,  tuberculous,  or  other 
material. 

The  inner  surface  of  the  dura  is  also  often  thickened  and 
opaque,  often  covered  with  a  delicate  fibrinous  deposit.  The 
pia  and  arachnoid  seldom  participate,  but  they  have  been  seen 
adherent  to  the  dura,  opaque,  and  infiltrated  with  pus. 

The  cord  itself  is  more  or  less  compressed,  flattened,  pale, 
anaemic ;  often  softened,  full  of  microscopic  fat-granules  and 
granular  corpuscles,  and  presenting,  more  frequently  than  is 
supposed,  the  signs  of  transverse  myelitis.  In  the  neighborhood 
of  the  place  compressed,  red  softening  and  hyperaemia  are  found  ; 
in  more  chronic  cases,  ascending  and  descending  secondary  de- 
generation of  the  white  columns  (upwards  in  the  posterior  col- 
umns, downwards  in  the  lateral). 

The  nerve-roots  which  pass  out  at  the  seat  of  pachymeningitis 
are  compressed,  atrophied,  inflamed,  and  soft. 

Add  to  these  the  anatomy  of  those  processes  which  have  acted 
as  causes  of  pachymeningitis,  or  have  accompanied  it  (vertebral 
caries,  peripleuritis,  muscular  abscesses,  phlegmons,  etc.). 

L£tJS  <ScVrc:ST-:^lD!NC 
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The  usual  character  of  the  disease  is  like  that  which  will  pres- 
ently be  described  under  Leptomeningitis,  a  more  common  affec- 
tion. We  therefore  shall  give  but  a  short  account  of  the  chief 
symptoms  in  this  place.    The  most  important  are  as  follows  : 

Pain  in  the  hack,  various  in  seat  and  extent,  according  to  the  " 
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location  of  tlie  disease.  Stiffness  of  the  mrtehral  colvmn,  which 
renders  it  difficult  and  painful  to  sit  up.  Tension  and  jerking 
in  'oarious  groups  of  muscles.  Mxcentric pains,  in  the  form  of 
a  girdle  or  shooting  into  the  extremities  ;  sensation  of  a  cord  tied 
around  ;  formication  and  sliglit  Jiypercesthesia  of  the  skin. 

To  these  are  added,  sooner  or  later,  the  symptoms  of  com- 
pression of  the  cord,  gradually  increasing ;  paralysis  of  various 
degrees,  sometimes  more  marked  in  the  motor,  sometimes  in  the 
sensory  sphere,  sometimes  in  both  at  once ;  muscular  tension, 
increased  reflex  action,  especially  those  connected  with  tendons  ; 
paralysis  of  the  sphincters,  and  bed-sores.  These  symptoms  are 
due,  partly  to  compression,  partly  to  the  myelitis  which  com- 
plicates it. 

According  to  the  nature  of  the  original  disease  and  the  com- 
plications and  secondary  changes,  disturbances  of  the  general 
health,  fever,  and  many  derangements  of  internal  organs  may 
occur. 

The  symptoms  of  pachymeningitis  may  develop  in  an  acute 
era  chronic  way ;  in  the  acute  (purulent)  forms  the  symptoms 
of  irritation  are  the  more  prominent,  while  in  the  chronic  (plas- 
tic) forms  these  recede  into  the  background,  and  the  symptoms 
of  compression  of  the  cord  dominate. 

Of  the  course  of  pachymeningitis  externa  nothing  can  be  said 
with  definiteness,  in  the  present  state  of  our  knowledge.  The 
unfavorable  cases  which  come  to  an  autopsy  cannot  indicate  the 
average  event,  for  it  is  impossible  to  estimate  how  many  have 
run  a  favorable  course  without  being  recognized  in  oui*  present 
uncertainty  regarding  the  diagnosis.  We  certainly  know  that 
the  form  in  which  it  so  frequently  accompanies  caries  of  the 
vertebrse  is  quite  frequently  arrested  and  partially  recovered 
from,  since  the  paralytic  symptoms  caused  by  it  disappear.  We 
have  learnt  only  thus  much :  that  in  the  severer  cases  the  course 
may  be  various,  but  usually  is  protracted,  and  does  not  termi- 
nate unfavorably  nor  lead  to  a  slow  convalescence,  until  after 
the  lapse  of  a  considerable  number  of  weeks. 

The  diagnosis  is  founded  chiefly  on  the  causal  agencies  we 
may  be  able  to  discover,  and  the  associated,  slowly  increasing 
symptoms  of  meningeal  irritation  and  of  compression  of  the 
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cora.  The  most  difficult  thing  will  always  be  to  distinguish  it 
from  the  other  forms  of  meningitis.  There  is  a  diagnostic  point 
— though  of  very  doubtful  value — which  consists  in  the  fact 
that  external  pachymeningitis  but  rarely  ascends  as  high  as  the 
upper  cervical  region,  and  is  therefore  seldom  accom^Danied  by 
stiffness  of  the  neck.  In  most  cases,  however,  it  will  be  impos- 
sible to  decide  whether  the  dura  alone  is  affected,  or  whether  the 
other  meninges  of  the  cord  are  also  inflamed. 

The  prognosis  follows  from  what  has  been  said  regarding  the 
course  of  the  disease.  In  forming  it  we  shall  be  obliged  to  pay 
especial  attention  to  the  causal  element. 

In  the  treatment  we  ought  principally  to  aim  at  a  removal  of 
the  original  lesion ;  if  we  succeed  in  curing  this,  we  greatly  im- 
prove the  chances  of  curing  the  pachymeningitis.  The  special 
directions  for  this  purpose  need  not  be  given  here. 

For  the  relief  of  pachymeningitis  we  proceed  as  is  directed  in 
the  section  on  Leptomeningitis.  It  is  of  special  importance  to 
procure  such  relief  in  vertebral  disease,  where  the  improvement 
of  the  paraplegia  depends  upon  the  removal  of  the  meningeal 
affection.  In  addition  to  treatment  directed  against  the  verte- 
bral disease,  the  measures  regarded  with  most  confidence  are 
the  energetic  use  of  brine-baths  (bathing  and  drinking),  the  use 
of  iodide  of  potassium  and  iodide  of  iron,  pencilling  the  back 
with  iodine,  frictions  with  mercurial  ointment,  and  the  like. 
The  white-hot  iron,  a  very  old  remedy,  has  recently  been  warmly 
recommended  for  obstinate  cases  by  Charcot. 

&.  Pachymeningitis  Interna  {HypertropJiica  et  Hcemorrliagica). 

Definition. — Inflammation,  cliiefly  of  the  inner  surface  of 
the  dura  ;  deposition  of  morbid  products  (exudations,  extrava- 
sations, proliferation  of  connective  tissue)  on  its  inner  surface, 
between  dura  and  arachnoid.  Frequent  implication  of  the  arach- 
noid and  pia. 

Two  principal  forms  of  this  disease  are  known,  possessing  to 
a  certain  extent  clinical  characteristics ;  a  simply  hypertrophic 
form,  leading  to  thickening  of  the  dura  (and  usually  of  the  finer 
membranes  also)  with  connective  tissue ;  and  a  pseudo-membra- 
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nous,  hemorrhagic  form,  characterized  by  a  more  or  less  abun- 
dant extravasation  of  blood.  But  few  observations  have  been 
made  as  yet  upon  either. 

Etiology. 

The  causes  usually  assigned  are  exposure  to  cold,  and  damp- 
ness of  the  dwelling  (Charcot,  Joffroy).  Excessive  use  of  alcoho.' 
seems  to  have  some  effect. 

As  to  the  hemorrhagic  form,  it  seems  to  be  established  that 
it  usually  accompanies  the  affection  of  the  same  name  in  the 
cerebral  dura  mater,  hsematoma  durss  matris,  and  therefore  owns 
the  same  causes.  The  disease  has  not  infrequently  been  found 
with  psychical  disorders,  especially  dementia  paralytica  (Simon, 
A.  Meyer) ;  also  as  a  consequence  of  continued  abuse  of  alco- 
hol, of  which  Magnus  Huss,  Magnan,  and  Bouchereau  have 
cases.  Finally,  Leyden  describes  a  traumatic  form  ;  but  the 
case  adduced  to  illustrate  it  is  not  above  doubt,  as  the  patient 
was  a  drinker,  and  had  suffered  from  symptoms  of  disease  before 
the  fall  which  caused  the  fracture  of  his  skull ;  it  is,  therefore, 
not  quite  certain  whether  the  fissure  was  the  cause  of  the  internal 
hemorrhagic  pachymeningitis.  A.  Meyer  says  that  both  his 
cases  occurred  in  cavahy  soldiers,  a  class  which  is  exposed  to 
frequent  falls  and  shocks. 

Pathological  Anatomy. 

In  the  hypertrophic  form  we  find  a  great  thickening  of  the 
dura,  chiefly  caused  by  a  considerable  proliferation  of  its  inner 
layers,  which  change  into  a  hard  cicatricial  mass  of  connective 
tissue,  with  usually  a  distinct  concentric  arrangement  of  layers. 
Usually  there  is  an  intimate  adhesion  to  the  soft  membranes, 
which  are  also  thickened  and  proliferated,  and  form  one  continu- 
ous mass  with  the  thickened  dura  mater ;  often,  however,  they 
are  comparatively  unchanged. 

Thus  there  is  formed  a  more  or  less  extensive  deposition, 
which  compresses  the  spinal  cord  from  one  side  or  the  other  (usu- 
ally from  the  rear),  or  which  embraces  it  like  a  ring  for  a  greater 
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or  less  distance.  The  cord  is  sometimes  simply  compressed,  pale, 
and  soft,  but  more  usually  it  presents  all  the  marks  of  transverse 
myelitis  of  vai'ious  extent,  with  secondary  degeneration,  forma- 
tion of  cavities,  etc.  The  nerve-roots  which  are  involved  in  the 
disease  are  wrapt  up,  compressed,  and  often  in  a  state  of  ad- 
vanced atrophy.  The  muscles  which  belong  to  them  possess  the 
microscopic  characteristics  of  the  usual  degenerative  atrophy. 

In  the  hemorrhagic  form  the  dura  is  covered  to  a  greater  or 
less  extent  with  a  mass  of  exudation,  soft,  rusty-brown  in  color, 
composed  of  fibiin  and  connective  tissue,  which  is  strewn  with 
numerous  extravasations  of  blood,  and  not  seldom  contains  one 
or  several  large  sacculated  masses  of  blood.  These  masses  con- 
tain dirty -brown,  decomposed  blood,  numerous  blood-crystals, 
pigment,  detritus,  etc.  The  enveloping  mass  of  exudation  is,  in 
manj'-  places,  yellowish,  easily  broken  or  torn,  is  disposed  in 
layers,  is  attached  but  slightly  to  the  dura  or  the  arachnoid,  and 
possesses  an  abundance  of  vessels. 

These  sacs  of  blood  may  vary  in  size  and  number.  The  hem- 
orrhagic false  membrane  often  extends  over  a  great  part  of  the 
cord,  entirely  enveloping  it. 

The  process  is  exactly  the  same  as  that  of  hfsmatoma  of  the 
cerebral  dura  mater  ;  it  is  probable  that  the  fibrinous  inflamma- 
tion is  the  primary  element,  and  the  bleeding  only  secondary. 
Yet  it  is  not  impossible  that  a  primary  bleeding  may  give  rise  to 
a  subsequent  inflammation. 

The  condition  of  the  cord  is  as  in  the  other  form.  The  pia  is 
usually  tinged  with  blood,  and  so  is  the  abundant  spinal  fluid. 

Symptoms. 

The  hypertrophic  form  is  at  present  thoroughly  understood 
only  as  occurring  in  the  cervical  region,  which  seems  to  be  its 
favorite  seat ;  when  situated  there  it  has  a  somewhat  character- 
istic course,  and  is  described  by  Charcot  as  "  pacliymeningite 
cervicale  hypertrophique." 

He  makes  a  first  stage  of  the  symptoms  of  irritation,  which 
lasts  two  or  three  montlis,  and  is  chiefly  characterized  by  pains. 
These  are  very  violent  in  tlie  back  of  the  neck  and  head,  the 
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shoulders,  and  arms  ;  are  continuous,  and  from  time  to  time  ex- 
perience exacerbations  ;  are  often  connected  with  a  painful  sen- 
sation of  being  bound  witli  a  cord  in  the  upper  part  of  the  chest. 
Tlie  neck  is  stiff,  but  the  spinous  processes  are  not  specially  sen- 
sitive to  pressure.  Formication  and  nunibness,  and  sometimes 
also  slight  loealcness  of  the  upjper  extremities,  appear  at  this 
stage.  Ti'O'phic  distitrhances  of  the  slcin  are  not  infrequent — 
eruptions  of  herpes,  development  of  vesicles  on  the  upper  ex- 
tremities.   Nausea  and  vomiting  are  but  rarely  observed. 

The  transition  to  the  second  stage,  chiefly  characterized  by 
paralysis  and  atrophy,  is  very  gradual.  The  upper  extremities 
are  more  or  less  completely  paralyzed,  especially  the  district  of 
the  median  and  ulnar  nerves,  while  in  all  cases  hitherto  observed 
the  radial  region  has  remained  comparatively  free.  The  result 
of  this  is  the  formation  of  a  peculiar  position  of  the  hand  in  ex- 
tension, the  fingers  being  held  Wee  claios.  This  paralysis  is  con- 
joined with  severe  and  quite  uniform  atrophy,  so  that  the  gen- 
eral aspect  of  the  case  reminds  one  of  progressive  muscular 
atrophy.  The  faradic  excitability  of  the  muscles  is  diminished 
or  suspended.  Contractures  of  the  muscles  appear,  and  single 
spots  of  ancBsthesia  of  greater  or  less  extent. 

All  this  is  doubtless  mainly  the  result  of  the  affection  of  the 
nerve-roots. 

At  a  later  period,  paralysis  and  contracture  of  the  lower  ex- 
tremities occur.  Atrophy,  however,  is  not  associated  with  the 
affection  in  these  parts,  or  not  until  a  very  late  period.  In  severe 
cases  Gom-^letQ  paraplegia  witli  marked  anaesthesia,  of 
the  bladder,  bed-sores,  etc.,  may  arise,  and  bring  on  the  fatal  ter- 
mination. 

These  severe  symptoms  are  doubtless  to  be  referred  to  trans- 
verse myelitis  at  the  spot  compressed,  and  descending  degenera- 
tion of  the  lateral  columns,  originating  at  that  point.  But  the 
course  is  not  always  so  bad  ;  there  are  cases  in  which  the  symp- 
toms cease  to  make  progress,  or  even  are  distinctly  improved ; 
but  the  disease  is  always  chronic. 

The  symptoms  of  hemorrhagic  pachymeningitis  interna  are 
still  very  obscure,  and  in  most  cases  are  complicated  by  those  of 
the  coexistent  cerebral  affection.    The  usual  symptoms  of  a  sloio 
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meningitis,  loitU  pei'iods  of  exacerbation,  pain  in  the  loins  and 
back,  tearing  pains  in  the  extremities,  stiffness  of  the  vertebrje 
and  of  the  niiclia,  increasing  weakness  of  muscles,  sometimes  ris- 
ing to  complete  palsy  and  paraplegia,  moderate  contractures, 
hyperjEsthesia  and  ana3sthesia  of  the  skin  in  various  degrees, 
weakness  of  the  bladder,  etc.,  are  sufficient,  in  case  certain 
causes  are  present  (as  drunkenness,  paralysis,  hasmatoma  of  the 
cerebral  dura  mater),  to  arouse  a  suspicion  of  disease  of  the  spi- 
nal dura,  and,  at  least  in  many  cases,  to  lead  to  a  probable  diag- 
nosis. 

We  have  yet  to  learn  whether  this  disease,  like  the  cerebral 
form,  is  marked  by  aggravation  of  the  symptoms  from  time  to 
time,  and  whetlier  this  fact  can  be  made  useful  in  diagnosis. 

The  disease,  in  this  form,  will  usually  take  an  unfavorable 
course. 

The  diagnosis  may  be  inferred  from  the  i3revious  brief  sketch 
of  the  two  forms.  Pachymeningite  cervicale  hypertrophique  has 
a  certain  resemblance  to  progressive  muscular  atrophy,  atrophic 
lateral  sclerosis  (Charcot),  etc.  The  most  important  points  of 
distinction  are  the  stage  of  pains,  the  partial  anaesthesias,  para- 
plegia without  atrophy,  etc.  It  will  not  be  always  possible  to 
distinguish  it  from  meningeal  tumors. 

The  hemorrhagic  form  is  in  need  of  a  more  exact  diagnostic 
boundary. 

The  prognosis  requires  no  remarks. 

The  treatment  will  resemble  that  of  meningitis  in  general  (see 
next  section).  In  more  acute  cases  antiphlogistics  of  all  sorts 
will  be  of  use. 

In  later  stages  and  chronic  forms  we  may  have  recourse  to 
derivatives,  preparations  of  iodine,  galvanism,  and  the  use  of 
baths  or  the  cold-water  treatment.  Prominent  symptoms,  as 
pain,  paralysis,  atrophy,  etc.,  require  a  special  symptomatic 
treatment. 

VOL.  XIIL— 15 
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4.  Inflammations  of  tlie  Pia  Mater  and  Spinal  Arachnoid — 
Leptomeningitis  Spinalis — Perimyelitis  and  Arachnitis. 

p.  Franh,  1.  c.  17d2. —  OUivier,  1.  c.  3(3  ed.  II.  p.  2B2.—Hasse,  1.  c.  2.  Aufl.  p.  690.— 
Hammond,  1.  c.  3d  ed.  p.  444. — Leyden,  1.  c.  pp.  406-443. — M.  Rosenthal,  1.  c. 
2.  Aufl.  p.  283. — Eoelder,  Monographic  der  Meningitis  spinalis.  Leipzig.  1861. 
(Contains  a  great  deal  of  valuable  matter  and  very  full  references.) 

Klohss,  Diss,  dc  myelitide.  Halis.  1820.  Huf eland's  Journ.  XVI.  Funk, 
Die  Riickenmarksentziindung.  Bamberg.  1825. — Henoch,  Schmidt's  Jahrb.  Bd. 
28.  1846. — Evans  Reeves,  Diseases  of  the  Spinal  Cord  and  its  Membranes. 
Monthly  Joum.  of  Med.  1855.  p.  506;  Edinb.  Med.  Journ.  1855-  56.  pp.  120 
and  302. — Noetel,  De  meningitide  spinali.  Diss.  Berlin.  1861. —  BeaumeU, 
M6ning.  spinale,  suivie  de  roideur  des  extr6m.  infGr.  Gaz.  des  Hop.  1861.  No. 
129. — Brown- Sequard,  Lectures  on  the  Principal  Forms  of  Paralysis  of  the 
Lower  Extremities.  London.  1861.  p.  66,  etc. — Camerer,  Ueber  Meningitis 
spin,  chron.  uhd  deren  DifEerentialdiagnose.  Wiirtemb.  Correspondenzblatt. 
XXXn.  l%Q2.—Jaccoud,  Legons  de  clinique  medicale.  1867.  pp.  372-420.— 
Vulpian,  Note  sur  un  cas  de  mining,  spinale  et  de  sclfirose  corticale  annulaire 
de  la  moiille  6p.  Arch,  de  Physiol.  II.  p,  279.  1869. — Liouville,  Etude  anato- 
mo-patliologique  de  la  m^ningite  c6r6bro-spin.  tubercul.  Arch.  d.  Physiol.  III. 
p.  490.  1870. — Stolr.es,  Chronic  Inflammation  of  the  Spinal  Cord  and  its  Mem- 
branes. Dubl.  Journ.  of  Med.  Science.  Vol.  LVL  p.  62.  ld,n.—Brubei'ger,  Fall 
von  Meningitis  sypliil.,  etc.  Virch.  Arch.  1874.  Bd.  60. 

Compare  also  von  Ziemssen,  Meningit.  cerebrospin.  epidemica,  in  Vol,  U.  of  this 
Cyclopaedia,  and  the  full  references  there  given. 

Inflammation  of  the  soft  membranes  of  the  spinal  cord  is  the 
most  important  and  the  most  frequent  of  spinal  meningeal  affec- 
tions ;  and  this  is  what  is  intended  when  spinal  meningitis. with- 
out further  designation  is  spoken  of.  All  treatises  by  the  earlier 
authors  relate  to  this.  But  a  great  deal  has  been  thrown  under 
this  title  which  must  certainly  be  separated  from  meningitis,  or 
which  occurs  simultaneously  with  it.  It  is  reserved  for  future 
investigations  to  show  more  clearly  than  has  been  done  the  line 
of  demarcation  between  meningitis  and  myelitis ;  for  this  pur- 
pose accurate  histological  examination  of  the  cord  by  the  latest 
methods  in  cases  of  meningitis  is  absolutely  needed.  We  have, 
however,  very  little  positive  information  upon  this  point. 

It  would  seem  hardly  probable  that  any  considerable  inflam- 
mation of  the  pia  mater  could  exist  without  involving  the  cord 
to  some  extent.    The  pia  distributes  the  vessels  to  the  entire 
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cord  ;  from  it  pass  out  the  processes  of  connective  tissue  which 
compose  the  framework  of  the  latter  ;  so  that  any  inflammatory 
irritation  aifecting  the  vascular  district  of  the  pia  must  be  felt 
more  or  less  in  the  vessels  of  the  cord,  and  when  once  a  morbid 
process  is  established  in  the  connective  tissue  of  the  pia,  it  is 
hard  to  see  why  it  should  not  spread  to  some  extent  in  the  cord. 

A  certain  degree  of  independence  on  the  part  of  the  two  vas- 
cular districts  of  the  pia  and  the  cord  must  be  admitted,  as  each 
may  be  affected  singly  ;  this  fact  is  certainly  established  in  rela- 
tion to  the  cord,  and  suggests  to  us  that  the  nervous  elements 
themselves  possess  some  influence  upon  the  disease,  and  that 
they  may  be  primarily  attacked,  or,  at  least,  may  bear  a  promi- 
nent part  in  the  production  and  localization  of  diseases  of  the 
connective  substance. 

It  is  in  diseases  of  the  pia  mater  that  we  shall  be  obliged  to 
pay  special  attention  to  the  possibility  of  an  implication  of  the 
cord.  This  has  been  done  far  too  seldom,  in  my  opinion  ;  patho- 
logical anatomy  has  devoted  too  little  attention  to  the  point.  The 
most  that  has  been  done  has  been  to  demonstrate  an  implication 
of  the  nerve-roots  that  pass  through  the  diseased  membrane; 
or  an  affection  of  the  cord  in  very  severe  cases.  Few  observa- 
tions have  been  made  systematically  and  with  the  aid  of  delicate 
methods.  Mannkopf,  in  epidemic  cerebro-spinal  meningitis,  has 
seen  abundant  cell-infiltration  following  the  course  of  the  vessels 
even  into  the  cord.  Fronniueller  has  seen  the  central  canal  full 
of  pus-cells  in  the  same  disease  ;  Liouville,  in  tubercular  menin- 
gitis, has  seen  tubercles  in  the  processes  of  the  pia,  in  the  fis- 
sures of  the  cord,  and  Vulpian  has  demonstrated  in  one  case  of 
inflammatory  thickening  of  the  pia  an  annular  sclerosis  of  the 
cord,  extending  to  some  depth,  especially  in  the  posterior  columns, 
the  dependence  of  which  upon  meningitis  is,  however,  at  the 
least  doubtful. 

This  deficiency  has  been  made  good  by  the  investigations  of 
Dr.  F.  Schultze,"  relating  to  three  cases  of  leptomeningitis  spina- 

'  Berl.  klin.  Wochenschrift.  187G.  No.  1.  Dr.  Schultze  has  permitted  me  to  view 
his  microscopical  preparations  bearing  on  this  point,  and  it  is  my  agreeable  dnty  .to 
acknowledge  gratefully  the  various  assistance  which  the  free  use  of  his  numerous  and 
excellent  preparations  has  rendered  to  me. 
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lis  which  show  a  very  considerable  implication  of  the  nerve-roots 
and  the  cord  itself.  The  principal  results  of  these  investigations 
is  the  following ;  for  some  further  details  the  reader  is  referred 
to  the  pathological  anatomy  of  acute  meningitis. 

The  nerve-roots  are  in  a  state  of  marked  inflammation  (infil- 
tration with  cells,  especially  in  the  neighborhood  of  the  vessels, 
the  nerve-fibres  swollen,  granular,  beginning  to  break  down, 
the  axis-cylinders  swollen  and  granular) ;  the  bundles  of  root- 
fibres  which  enter  the  cord  are  more  or  less  considerably  swollen. 
In  the  cord  itself,  there  is  found  a  peripheral  interstitial  myelitis 
(infiltration  of  the  neuroglia  with  cells  and  nuclei)  penetrating  to 
a  greater  or  less  depth,  or  actual  parenchymatous  myelitis  in 
large  and  small  foci  (enormously  swollen  axis-C34inders,  cloudi- 
ness and  granular  decay  of  the  medullary  sheath,  axis-cylinders 
breaking  down,  etc.).  In  the  gray  substance  there  were  found 
signs  of  oedematous  swelling  in  the  ganglion-cells,  but  no  other 
distinct  changes.  Only  the  central  canal  appeared  closely  packed 
with  round  cells,  and  its  vicinity  also  infiltrated  to  a  considerable 
distance  with  the  same  elements. 

It  certainly  follows  from  these  facts  that  we  shall  have  to 
take  a  somewhat  different  point  of  view  from  what  has  previously 
been  customary  in  explaining  the  origin  of  the  symptoms  of 
spinal  leptomeningitis.  It  is  quite  clear  that  the  inflammation 
of  the  pia  can  produce  no  very  marked  symptoms  by  itself  ;  the 
principal  would  be  that  of  pain  and  the  consequent  reflex  phe- 
nomena, owing  to  its  abundant  supply  of  nerves.  But  the  most 
important  and  essential  symptoms  must  arise  from  an  affection 
of  the  nerve-roots  and  the  cord  itself  ;  and  for  this  reason  it  will 
be  very  desirable  to  distinguish  between  purely  meningeal  and 
purely  spinal  symptoms,  as  well  as  those  referable  to  the  roots. 

A  delicate  clinical  analysis  will  be  required  to  distinguish 
these  groups  of  symptoms. 

I  have  premised  these  remarks  in  order  to  facilitate  the  under- 
standing of  the  symptoms  of  meningitis,  and  to  indicate  the  de- 
fects in  our  knowledge. 

As  for  distinguishing  the  inflammation  of  the  pia,  the  so- 
called  perimyelitis,  from  arachnitis,  I  consider  it  impossible,  both 
upon  pathologico-anatomical  and  practical  grounds. 
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Finally,  the  best  division  that  we  can  make  in  practice— in 
spite  of  the  great  variety  of  form  which  spinal  leptomeningitis 
may  take — seems  to  me  to  be  that  which  recognizes  but  two  chief 
forms,  the  acute  and  the  chronic. 

a.  Leptomeningitis  Spinalis  Acuta. 

By  this  title  we  understand  a  febrile  inflammation  of  the  soft 
membranes  (pia  and  arachnoid)  of  the  cord,  beginning  with  mo- 
lent  symptoms  and  characterized  chiefly  by  an  exudation  of  a 
purulent-fibrinous,  more  rarely  a  sero-tibrinous  nature.  It  occurs 
most  frequently  in  an  epidemic  form,  and  in  association  with  the 
corresponding  affection  of  the  cerebral  membranes,  as  cerebro- 
spinal meningitis.  But  it  also  occurs  sporadically ;  and  this 
form  is  that  which  will  occupy  most  of  our  attention. 

Etiology  and  Pathogenesis. 

The  predisposition  to  acute  spinal  meningitis  is  quite  general, 
although  the  causes  upon  which  it  depends  are  not  yet  ade- 
quately known.  It  attacks  by  preference  children  and  young 
persons,  and  the  male  sex  ;  it  is  more  frequent  when  there  is  ten- 
dency to  scrofulosis  and  tuberculosis ;  all  sorts  of  weakening 
influences  (bad  dwellings,  poor  food,  sexual  and  other  excesses, 
etc.)  increase  the  tendency.  As  regards  the  way  in  which  these 
causes  act  upon  the  spinal  membranes,  we  know  nothing  precisely. 

Among  the  immediate  causes,  exposure  to  cold  certainly 
plays  a  very  important  part.  It  has  often  enough  been  observed 
that  sleeping  on  damp  ground  or  snow,  or  the  action  of  a  cold 
wind  striking  upon  the  back  while  sweating,  or  an  unexpected 
fall  into  the  water,  and  other  similar  occurrences,  have  led  to  an 
attack  of  acute  leptomeningitis.  But  in  this  case,  as  in  most  in- 
flammations of  internal  organs  caused  by  cold,  we  know  nothing 
with  certainty  of  the  delicate  mechanism  of  the  entire  process. 

The  action  of  the  sun's  heat,  insolation,  upon  the  back  is  a 
very  questionable  source  of  acute  spinal  meningitis. 

Surgical  lesions,  however,  constitute  an  unquestionable  and 
very  frequent  cause.   The  disease  has  been  observed  after  simple 
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concussion  of  the  spine,  as  in  falling  down  stairs  ;  after  cutting, 
stabbing,  and  gunshot  wounds  of  the  spinal  column  and  its  con- 
tents ;  after  luxation  and  fracture  of  the  vertebrae ;  after  the 
operation  for  spina  bifida,  etc. 

Inflammations  and  other  affections  of  neigTiboring  parts  are 
often  propagated  to  the  spinal  meninges  and  arouse  inflamma- 
tion in  them  ;  thus  caries  of  the  vertebras,  acute  infllanimation  of 
the  dura  spinalis  and  the  extra-meningeal  cellular  tissue,  deep 
bed-sores  reaching  to  the  cavity  of  the  sacrum  ;  bursting  of  cavi- 
ties in  the  lungs  into  the  vertebral  sac ;  carcinoma  of  the  vertebrae  ; 
and  finally,  acute  inflammations  of  the  cord  itself,  which  extend 
to  the  pia.  The  most  frequent  cause  among  this  class  is  the 
acute  inflammation  of  the  cerebral  pia  mater,  which  is  usually 
complicated  with  that  of  the  spine.  The  spreading  is  usually 
efl'ected  through  the  open  communication  between  the  cerebral 
and  the  spinal  cavities,  through  the  anatomical  continuity  of  the 
meninges,  the  current  of  the  cerebro-spinal  fluid,  the  gravitation 
of  the  inflammatory  products,  extravasations,  etc.,  into  the  spinal 
cavity,  and  there  setting  up  an  inflammatory  irritation  ;  and  Anally, 
it  is  doubtless  due  to  other  causes  acting  upon  both  the  cerebral 
and  spinal  meninges  at  once.  Thus  it  is  easily  understood  how 
the  inflammation  of  the  cerebral  pia  mater  so  often  extends 
downwards  to  the  spinal  pia  mater. 

Of  tubercular  basilar  meningitis,  according  to  recent  observa- 
tions, a  tubercular  spinal  meningitis  is  a  quite  regular  accom- 
paniment. Hence  the  appearance  of  spinal  symptoms  in  this 
disease. 

The  publications  of  Weber '  and  Bieibaum '  are  of  comparatively  little  force  as 
evidence.  The  most  important  cases  are  three  by  Koehler,^  which  demonstrate  the 
coexistence  of  tubercle  in  the  pia  mater  of  the  brain  and  of  the  cord.  Also  two 
cases  presented  by  the  same  author  in  his  monograph.*  Liouville  has  recently 
stated  that  the  occurrence  is  a  very  regular  one,  and  that  among  numerous  cases,  he 
has  seen  it  in  every  one.  In  F.  Schultze's  three  cases,  above  mentioned,  the  spinal 
pia  ^participated  each  time  in  the  cerebral  inflammation.  Leyden,'  also,  gives  a 
case  of  this  kind,  without  making  any  exact  statements  regarding  the  frequency 
of  its  occurrence.    It  is  certainly  much  more  frequent  than  has  been  supposed. 


'  Deutsche  Klinik.  1853.  No.  34.  p.  380. 
«  Journ.  f.  Kinderkrankh.  Bd.  26.  p.  355.  1856. 
Ibidem,  Bd.  33.  1859.  p.  409. 


*  Loo.  cit.  p.  127. 
'  Log.  cit.  p.  438. 
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Among  the  somewhat  doubtful  causes  of  acute  spinal  menin- 
gitis may  be  mentioned  dentition^  suppressed  perspiration  of  the 
feet,  suppression  of  the  menses  and  of  hemorrhoidal  bleeding, 
disappearance  of  acute  exanthemata,  etc.,  although  instances 
of  all  these  are  given  in  the  older  literature. 

The  disease  also  occurs  now  and  then  in  company  with,  or 
during  convalescence  from  febrile  diseases  (pneumonia,  acute 
articular  rheumatism,  etc.),  or  infectious  diseases  (acute  exan- 
themata, cholera,  typhoid,  etc.).  But  this  seems  to  apply  chiefly 
to  the  epidemic  variety.  In  child-birth,  Koehler  has  repeatedly 
observed  acute  spinal  meningitis. 

Finally,  we  must  speak  of  epidemic  and  infectious  influences. 
The  form  of  spinal  meningitis  which  originates  in  company  with 
cerebral  meningitis  under  the  action  of  some  as  yet  unknown 
infectious  material,  and  has  repeatedly  during  the  present  cen- 
tury assumed  the  dimensions  of  a  wide-spread  epidemic,  is  by 
far  the  commonest  and  the  most  important.  We  can  only  refer 
to  von  Ziemssen's  admirable  delineation  of  the  disease,  in  Vol.  II. 
of  this  Cyclopsedia. 

Gaun6 '  reports  the  occurrence,  in  a  girl's  boarding-school,  of  a  light  epidemic 
of  favorable  termination,  not  going  beyond  the  symptoms  of  hypersemia  of  the 
cord  in  some  cases.    The  immediate  cause  was  unknown. 

Pathological  Anatomy. 

The  morbid  changes  found  in  acute  spinal  meningitis  differ 
according  to  the  stage  of  the  disease.  In  general,  three  periods 
may  be  distinguished,  which  of  course  pass  imperceptibly  into 
one  another  :  1.  A  stage  of  hypercBmia  and  commencing  exuda- 
tion. 2.  A  stage  of  serous  or  purulent  fibrinous  exudation,  and 
3.  A  stage  of  resorption  or  termination  in  some  other  way.  The 
one  most  commonly  observed  is  the  second  ;  the  lirst  much  more 
rarely,  especially  in  the  fulminant  attack  of  epidemic  cerebro- 
spinal meningitis. 

In  the  first  stage,  the  pia  contains  a  great  deal  of  blood,  is 
colored  from  a  rosy  to  a  dark  red  tint,  is  full  like  velvet,  and  in 


'  Arch,  gen.  1858. 
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places  is  dotted  with  blood,  or  with  ecchymoses  of  various  size, 
while  the  blood-vessels  are  very  full.  The  tissue  is  succulent, 
swollen,  imbibed  with  serum,  and  the  cerebro-spinal  fluid  is 
slightly  turbid.  The  arachnoid  shares  in  these  characters  to  a 
greater  or  less  extent ;  the  hypersemia  usually  extends  also  to 
parts  of  the  dura  of  various  extent,  and  is  also  to  be  seen  in  the 
substance  of  the  cord  itself. 

The  second  stage  comes  on  by  degrees ;  the  watery  contents 
of  the  tissues  increase,  the  spinal  fluid  becomes  more  and  more 
turbid,  fibrinous  flocks  and  plates  are  formed  in  the  subarachnoid 
tissue,  or  adhere  to  the  surface  of  the  dura  ;  the  pia  is  more  and 
more  opaque,  the  subarachnoid  tissues  swell  to  a  gelatinous  mass 
which  more  and  more  conceals  the  former  redness.  The  purulent 
character  of  the  exudation  becomes  more  and  more  distinct ;  the 
opacity  increases,  the  tint  alters  to  a  whitish  yellow,  or  green- 
yellow,  and  at  last  the  whole  pia  and  subarachnoid  tissue  are 
infiltrated  uniformly  with  pus.  The  spinal  fluid,  growing  more 
turbid,  assumes  a  sero-purulent  appearance  and  contains  numer- 
ous flocks  of  fibrin,  some  floating  and  some  covering  the  free 
surfaces  of  the  meninges.  In  some  cases  there  is  to  be  seen,  in 
addition  to  the  exudation,  a  variable  number  of  small  miliary 
nodules,  gray  or  whitish  yellow,  chiefly  distributed  in  the  course 
of  the  vessels,  in  the  pia,  and  arachnoid,  but  not  infrequently 
strewn  over  the  surface  of  the  dura  in  considerable  numbers 
(tuberculous  meningitis).  In  this  form  the  exudation  is  usually 
of  a  rather  gelatinous  consistency,  serous,  yellowish  in  color,  and 
rarely  constitutes  a  strictly  purulent  infiltration. 

The  distribution  of  the  exudation  varies  greatly.  Sometimes 
it  is  spread  over  a  larger,  sometimes  over  a  smaller  space,  but  it 
usually  covers  the  greater  part  or  the  entire  length  of  the  cord  ; 
the  posterior  surface  is  apt  to  have  more  of  it  than  the  anterior, 
owing  doubtless  to  the  patient's  lying  on  his  back.  It  is  evident 
from  what  has  been  said,  that  the  exudation  frequently  extends 
to  the  membranes  of  the  brain,  though  in  very  various  amount. 
In  such  case  a  direct  connection  between  the  masses  in  the  brain 
and  cord  can  always  be  shown  to  exist  along  the  base  of  the 
brain,  although  the  quantity  deposited  on  the  medulla  oblon- 
gata is  often  remarkably  small. 
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The  araclmoid  is  almost  regularly  involved  in  tlie  inflamma- 
tory exudation.  It  is  opaque  and  thickened,  infiltrated  with 
serum  or  pus,  and  often  abounds  with  gray  miliary  tubercles  ; 
in  such  cases  the  subarachnoid  connective  tissue  is  always  inlil- 
trated  similarly,  and  in  its  swollen  condition  forms  a  layer  of 
exudation,  surrounding  the  cord  like  a  sheath.  The  dura  spi- 
nalis is  less  frequently  mentioned  as  involved,  yet  it  is  often 
hyperaimic,  often  opaque  to  a  considerable  extent,  and  covered 
with  thin,  librino-purulent  exudation.  In  a  few  cas6s  peripachy- 
meningitic  hemorrhages  have  also  been  seen. 

The  nerve-roots  are  always  more  or  less  involved  in  the  in- 
flammatory changes  ;  they  are  enveloped  in  thick  masses  of  exu- 
dation, swollen,  softened,  their  fibrillation  is  indistinct,  their 
consistency  diminished. 

Of  the  condition  of  the  co7'd  itself  in  acute  meningitis  our 
information  is  quite  scanty  ;  it  has  been  found  pale  and  oedema- 
tous,  at  other  times  more  hyperjemic,  but  usually  softened;  the 
softening  may  be  somewhat  uniform,  or  it  may  be  disseminated 
and  limited  to  certain  spots  ;  in  a  few  cases  a  purulent  infiltra- 
tion of  the  cord,  of  variable  extent,  could  be  distinctly  seen  with 
the  naked  eye. 

Microscopical  examination  discovers  in  the  soft  membranes  of  the  cord  all  the 
signs  of  exudative  inflammation — abundant  cell-infiltration,  especially  along  the 
vessels,  great  fulness  of  the  capillaries,  swelling  and  spreading  of  the  bundles  of 
connective  tissue,  etc.  Such  tubercular  nodules  as  may  be  present  show  the  char- 
acteristic histological  marks,  and  are  chiefly  found  along  the  vessels.  F.  Schultzo 
found  abundant  infiltration  with  cells  in  the  walls  of  the  vessels  which  run  in  the 
anterior  and  posterior  nerve-roots  ;  the  infiltration  extended  to  the  neuroglia.  Some 
of  the  nerve-fibres  of  the  roots  appeared  altered,  their  medullary  sheath  being  cloudy 
and  granular,  the  axis-cylinders  decidedly  swollen  and  in  a  state  of  granular 
degeneration.  The  bundles  of  roots  which  passed  into  the  cord  seemed,  therefore, 
to  be  thickened  at  many  points,  and  could  be  followed  for  a  short  distance  into  the 
cord,  where  they  resumed  their  normal  dimensions  and  appearance  in  the  neigh- 
borhood of  the  gray  substance. 

In  the  cord,  F.  Schultze  distinguished  two  sorts  of  affection.  Either  there  was 
infiltration  witli  cells  and  nuclei,  affecting  chiefly  the  neuroglia,  without  direct  im- 
plication of  the  nerve-fibres,  and  limited  to  the  peripheral  layers  of  medulla  (peri- 
pheral interstitial  myelitis),  or  the  nerve-fibres  were  principally  involved  in  the 
inflammatory  processes  (parenchymatous  myelitis),  so  that  distinct  myelitic  foci  of 
various  extent  and  position  could  be  recognized.    Thus  there  were  found  in  the 
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transverse  section  (especially  in  the  lateral  columns)  narrow  -wedge-shaped  regions 
of  inllammation,  with  the  point  directed  towards  the  centre,  of  which  the  longi- 
tudinal extent  varied.  Single  nerve-fibres  in  the  condition  of  inflammatory  swell- 
ing were  found  at  all  parts  of  the  transverse  section.  In  the  vessels  of  the  cord  no 
essential  changes  were  found ;  in  the  gray  substance  not  much  that  was  abnormal 
could  be  seen,  except  an  apparently  osdematous  swelling  of  many  of  the  ganglion- 
cells  ;  the  central  canal,  however,  was  regularly  obliterated,  plugged  with  roundish 
cells,  and  its  vicinity  also  infiltrated  with  similar  round  cells. 

The  second  stage  is  that  in  which  death  usually  occurs ; 
hence  its  anatomical  changes  are  the  best  known.  In  cases  not 
terminating  in  death  a  third  stage  must  be  admitted,  in  which  a 
complete  restoration  to  the  normal  state  occurs  with  complete 
resorption — a  process  which  can  only  be  observed  by  fortunate 
accident — or  various  permanent  changes  occur,  residua  and  con- 
sequences of  the  acute  process  of  very  various  significance,  and 
not  rarely  developing  in  a  chronic  way.  The  most  frequently 
seen  are  opacity  and  thickening  of  the  soft  membranes ;  adhe- 
sions of  these  membranes  to  one  another  and  to  the  dura  are  not 
rare  ;  large  accumulations  of  fluid  in  the  arachnoid  space  (hy- 
drorrhachis) ;  more  rarely  chronic  processes  develop  in  the  cord 
which  continue  to  increase — sclerosis  and  atrophy  of  the  cord, 
either  affecting  single  columns,  or  distributed  in  the  form  of 
islands  of  disease,  or  diffused  through  the  whole  medulla.  We 
have,  therefore,  after  acute  spinal  meningitis,  either  the  perni- 
cious changes,  progressive  chronic  meningitis  or  myelitis,  or  else 
those  comparatively  harmless  processes  (opacity,  thickening,  cal- 
careous plates,  etc.),  which  are  so  often  found  in  the  body  with- 
out having  given  rise  to  special  sj^mptoms  during  life. 

The  anatomical  changes  of  the  other  organs  during  acute 
spinal  meningitis  require  no  special  description  here.  They  dif- 
fer, according  to  the  course  of  the  disease  and  the  manner  of 
death,  but  do  not  present  anything  especial.  The  most  impor- 
tant of  them  have  been  sufficiently  described  in  Vol.  II.  under 
Cerebro- Spinal  Meningitis. 

Symptoms. 

Characteristic  as  are  the  features  of  acute  spinal  meningitis, 
it  is  yet  rarely  found  pure  and  isolated  ;  it  is  especially  common 
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to  find  the  cerebral  pia  mater  affected  at  the  same  time,  which 
complicates  the  picture  and  hinders  the  precise  interpretation  of 
the  symptoms.  Yet  with  some  attention  and  experience  the 
'characteristic  features  of  spinal  meningitis  can  be  deduced  from 
the  symptoms  as  a  whole. 

General  Description.— AcutQ  spinal  meningitis  usually  be- 
gins suddenly ;  often  with  fulminant  symptoms.  Distinct  and 
marked  precursory  symptoms  are  observed  in  only  a  minority  of 
the  cases ;  general  heaviness  and  depression,  slight  chill,  and  a 
little  gastric  disturbance,  fleeting  pains  in  the  head  and  back, 
restlessness  and  sleeplessness,  preceding  for  a  time  the  outbreak 
of  more  serious  symptoms. 

The  proper  commencement  of  the  disease  is  marked  by  a  more 
or  less  severe  chill,  directly  followed  by  violent  febrile  symp- 
toms ;  the  temperature  is  raised,  without  any  regularity  of  curve, 
the  pulse  is  full,  hard,  rapid,  very  rarely  retarded  at  the  outset. 
Vomiting  and  severe  cerebral  symptoms  are  observed  only  in  the 
cerebro- spinal  form. 

The  painful  symptoms  very  soon  become  the  most  prominent ; 
the  chief  one  consists  of  an  intense,  deep-seated,  boring  pain  in 
the  hack,  which  is  much  complained  of.  According  to  the  local- 
ization of  the  inflammation,  the  pain  may  occupy  various  places 
(loins,  back,  or  nape  of  the  neck),  and  have  a  various  extent,  but 
is  increased  less  by  pressure  on  the  spinous  processes  than  by 
movement  of  the  vertebral  column  and  the  extremities ;  it  is 
usually  very  violent,  but  remitting  ;  and  from  the  place  where  it 
is  seated,  pains  shoot  out  around  the  trunk  in  a  ring,  or  extend 
to  the  extremities,  piercing  them  in  all  directions.  Thus  all 
movements  are  rendered  extremely  painful. 

The  pain  in  the  back  is  regularly  and  characteristically  asso- 
ciated with  a  severe  rigidity  of  the  spine,  most  marked  at  the 
height  of  the  disease.  The  best-known  variety  is  that  which 
attacks  the  nucha,  and  is  so  constant  in  epidemics  ;  if  the  disease 
is  situated  lower  down,  the  lumbar  spine  may  be  the  chief  seat 
of  the  painful  stiffness,  and  when  the  disease  is  diffuse,  the  rigid- 
ity, produced  by  muscular  tension  and  contracture,  may  extend 
to  the  entire  column,  and  produce  a  very  close  resemblance  to 
tetanic  spasm. 
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Quite  analogous  phenomena  are  observed  in  the  muscles  of 
the  extremities ;  painful  tension  and  stiffness,  not  rarely  in- 
creased to  the  point  of  extreme  contractures,  producing  rigid 
immobility  of  the  limbs  ;  in  some  places  spasmodic  twitchings 
occur,  which  give  the  patient  extreme  pain,  and  somewhat  re- 
semble tetanic  spasms,  but  seldom  amount  to  general  convul- 
sions. Such  twitchings,  in  single  muscles,  are  apt  to  be  produced 
by  attempts  to  use  them. 

The  sJcin  of  the  extremities  and  the  trunk,  as  far  as  its  sensi- 
tive nerves  originate  from  roots  which  are  involved  in  the  inflam- 
mation, is  in  a  state  of  marked  liypercesthesia,  so  that  every 
touch,  every  movement  of  the  patient,  calls  out  expressions  of 
pain,  even  in  cases  where  the  consciousness  is  quite  impaired. 
Hyper (Bsthesia  of  the  muscles  seems  to  be  equally  demonstrable 
in  many  cases. 

The  rejiex  actimty  is  usually  increased  at  the  beginning,  but 
diminishes  during  the  course  of  the  disease. 

With  these  sensory  and  motor  symptoms,  distur'bances  of  the 
evacuation  of  urine  and  fceces  are  early  allied  ;  these  functions 
are  performed  with  difficulty,  owing,  as  is  usually  supposed,  to 
a  spasmodic  condition  of  the  sphincters ;  artificial  means  are 
often  required  in  order  to  regulate  them. 

Disturbances  of  the  thoracic  viscera  do  not  occur  unless  the 
cervical  part  of  the  cord  is  involved  in  the  inflammation.  In  this 
case  difficulty  of  ireathing  appears,  due  to  the  rigidity  and 
painf  ulness  of  the  muscles  of  respiration ;  in  the  advanced 
stages,  serious  symptoms  of  dyspnoea  occur,  which  may  increase 
to  complete  asphyxia.  Disturbances  of  the  action  of  the  heart 
(great  retardation  or  acceleration)  may  be  added. 

Cerebral  symptoms^  as  vertigo,  violent  headache,  delirium, 
unconsciousness,  coma,  etc.,  are  not  rare  ;  when  they  occur,  it  is 
usually  in  cases  in  which  some  degree  of  implication  of  the  cere- 
bral pia  mater  is  present.  They  may  appear  at  an  early  period, 
or  later  in  the  course  of  the  disease,  and  when  full}'"  developed, 
often  indicate  the  probability  of  a  fatal  event. 

As  the  disease  progresses,  the  symptoms  of  irritation  may 
become  less  and  less  prominent,  and  give  place  to  more  distinct 
symptoms  of  paralysis  ;  but  both  classes  of  symptoms  may  be 
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intermingled  in  various  ways.  Pareses  and  paralyses  occur ;  the 
immobility  of  the  limbs  is  no  longer  owing  to  muscular  tension, 
but  to  motor  weakness ;  symptoms  of  vesical  paralysis  occur ; 
the  cutaneous  sensibility  is  lessened,  and  even  high  degrees  of 
ansesthesia  may  appear ;  at  last,  paralysis  of  the  respiratory  ap- 
paratus may  lead  to  very  threatening  symptoms. 

When  the  disease  has  reached  this  height,  everything  may 
rapidly  go  from  bad  to  worse,  and  death  may  soon  occur ;  the 
immediate  cause  of  death  is  usually  a  progressive  paralysis  of 
respiration  and  circulation,  associated  with  deep  coma,  and  not 
rarely  with  a  great  rise  of  temperature  during  the  agony. 

At  other  times  the  course  is  more  protracted  ;  the  severity  of 
the  symptoms  lessens,  deceitful  signs  of  temporary  improvement 
appear,  while  the  disease,  as  a  whole,  continues  to  make  prog- 
ress ;  severe  paralysis,  bed-sores,  etc.,  appear,  and  death  follows 
after  long  suffering.  A  secondary  implication  of  the  cord  is 
always  to  be  supposed  in  such  cases. 

Improvement  may  really  occur ;  in  slight  cases  this  is  often 
wonderfully  speedy,  with  a  short  convalescence,  while  in  severe 
cases  it  is  more  gradual,  and  has  many  liuctuations.  The  conva- 
lescence is  then  tedious,  the  forces  recover  themselves  but  slowly, 
the  abnormal  irritability  disappears  very  gradually,  and  the 
patient  needs  care  for  a  very  long  time.  Incurable  injuries  are 
often  left  behind ;  paralysis  and  atrophy  of  single  muscles  and 
groups  of  muscles,  or  of  whole  extremities,  contractures,  anaes- 
thesia, etc.  Signs  of  degeneration  and  sclerosis  of  single  columns 
of  the  cord  may  continue  after  the  disease  is  over. 

Interpretation  of  the  symptoms. — Among  the  most  constant 
and  important  is,  without  doubt,  the  pain  in  the  hack.  It  is 
usually  very  severe,  deep-seated,  boring,  and  tensive,  of  various 
extent,  but  hardly  ever  absent.  It  is  a  special  characteristic,  that 
it  is  very  much  increased  by  every  movement  of  the  trunk  or 
limbs,  so  that  the  patient  is  often  compelled  to  maintain  absolute 
repose  from  this  circumstance  alone.  The  movements  connected 
with  evacuation  of  urine  and  faeces  also  naturally  increase  the 
pain  in  the  back.  Pressure  on  the  vertebral  column  does  not 
always  increase  it. 

This  dorsal  pain  doubtless  owes  its  existence  to  inflammatory 
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irritation  of  tlie  nerves  of  the  pia  and  dura,  to  inflammation  of 
the  posterior  roots,  and  the  consequent  hyperassthesia,  but  hardly 
to  an  inflammatory  implication  of  the  cord  itself. 

Pains  in  the  extremities^  of  a  tearing  or  boring  character,  and 
increased  by  every  movement,  are  seldom  wanting,  and  have 
doubtless  the  same  origin.  They  correspond  in  their  location  and 
extent  with  the  inflamed  portion  of  the  cord. 

To  similar  processes  of  irritation  in  the  motor  apparatus  may 
be  referred  the  equally  frequent  and  important  symptoms  of 
muscular  tension^  contractures^  spasms,  stiffness  of  the  spine  or 
neck,  etc.  The  most  characteristic  of  all  is  the  stiffness  of  the 
spine  and  neck,  with  the  head  drawn  backwards,  the  back 
stretched,  often  in  the  position  of  opisthotonus,  and  stiff  and 
hard,  especially  when  active  or  passive  movements  are  made.  In 
the  extremities,  the  extensors  are  most  affected,  but  often  the 
flexors  ;  the  limbs  in  this  condition  are  often  of  the  hardness  of 
stone,  and  immovable.  This  tension  relaxes  a  little  at  times, 
is  especially  increased  by  attempts  at  moving,  but  is  usually  not 
much  increased  by  reflex  irritation. 

The  pathogenesis  of  these  motor  symptoms  is  not  yet  settled. 
It  is  commonly  believed  that  they  originate  in  the  reflex  way, 
owing  to  the  abnormal  irritation  of  the  posterior  roots,  and  might 
be  regarded  as  reflex  contractures.  This  may  be  true  to  some 
extent  and  in  some  cases.  It  is,  however,  quite  certain  that 
the  muscular  tension  is  half  voluntary  in  character,  or  is  in- 
creased by  a  voluntary  act,  which  has  for  its  object  the  preven- 
tion of  movement  when  all  movements  are  so  painful.  The  chief 
weight,  however,  should  be  laid  upon  direct  irritation  of  the 
motor  apparatus. 

Such  a  condition  may  depend  in  part  on  inflammatory  irrita- 
tion of  the  anterior  roots,  in  part  on  irritation  of  the  motor  paths 
in  the  lateral  columns  by  secondary  points  of  myelitis  (as  F. 
Scliultze  has  shown).  If  the  latter  were  the  correct  solution,  it 
would  lead  us  to  infer  that  the  fibres  for  the  trunk-muscles  occu- 
pied some  exposed  situation  (possibly  in  the  external  periphery 
of  the  lateral  columns),  in  order  to  explain  the  great  amount  of 
rigidity  in  these  muscles  and  in  those  of  the  nucha.  The  assump- 
tion of  a  direct  irritation  of  the  motor  apparatus  is  confirmed  in 
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an  interesting  manner  by  two  cases  in  wliicli  Leyclen»  saw  the 
muscles  of  the  back  of  the  neck  paralyzed  in  the  latter  part  of 
the  disease.  And,  in  fine,  the  clonic  muscular  twitchings  which 
occur  spontaneously,  or  during  efforts  to  move,  may  best  be  ex- 
plained by  direct  irritation  of  the  motor  paths. 

It  is  hard  to  say  how  the  hypercesthesia,  which  is  almost 
always  present  in  a  high  degree,  is  to  be  explained.  It  is  most 
marked  in  the  skin,  but  extends  also  to  the  deeper  parts,  the 
joints,  muscles,  etc.  It  may  be  so  severe  that  the  slightest  touch 
or  change  of  position  calls  forth  the  strongest  expressions  of 
pain ;  even  unconscious  patients  may  shrink  and  make  motions 
of  defence,  when  taken  hold  of.  All  voluntary  movements  of  the 
hypersesthetic  parts  cause  severe  pain.  The  hypersesthesia  is 
usually  most  marked  in  the  lower  extremities  and  the  lower  half 
of  the  trunk,  while  it  is  less  marked  and  more  rare  in  the  upper 
limbs. 

We  are  not  yet  in  a  position  to  assign  any  cause  for  this  hyper- 
sesthesia except  the  inflammatory  irritation  of  the  posterior  roots, 
and  perhaps  also  an  implication  of  the  white  columns  of  the 
cord.  It  must  be  admitted  that  this  explanation  is  very  inade- 
quate. 

The  ancBsiJiesia  and  paralysis  which  appear  at  a  later  stage 
are  more  intelligible.  They  vary  much  in  form  and  distribution ; 
there  may  be  a  paralysis  of  single  muscles  or  groups  of  muscles, 
with  or  without  atrophy  ;  paralysis  of  an  entire  lower  extremity, 
or  paraplegia  ;  the  upper  extremities  are  reached,  or  are  the  ex- 
clusive seat  of  paralysis,  in  few  cases.  In  complications  with 
cerebral  meningitis,  paralysis  of  some  cerebral  nerves,  disturb- 
ances of  the  senses,  etc.,  are  frequent.  These  paralyses  often  dis- 
appear quickly  as  the  disease  improves,  while  at  other  times 
they  improve  very  slowly,  or  may  be  quite  incurable  ;  and  from 
these  circumstances  inferences  may  be  drawn  as  to  the  nature  of 
the  causal  lesion. 

We  cannot  be  much  mistaken  if  we  ascribe  the  majoritj^  of 
these  sensory  and  motor  paralyses  to  the  demonstrably  severe 
affection  of  the  posterior  and  anterior  roots.   It  requires  no  ex- 
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planation  to  show  that  the  swelling  and  opacity  of  the  nerve- 
fibres  and  axis-cylinders  may  very  easily  reach  a  point  which  is 
incompatible  with  the  further  performance  of  their  functions ; 
that  plastic  infiltration  of  the  neurilemma  may  so  compress  the 
root-fibres  as  to  render  them  unfit  for  conduction  ;  and  that  the 
embedding  of  the  delicate  bundles  of  root-fibres  in  a  considerable 
mass  of  fibrinous  exudation  will  very  easily  destroy  the  function 
of  the  roots.  It  is,  however,  also  possible  that  the  myelitic 
points  in  the  white  columns  of  the  cord^  especially  in  the  lateral 
columns,  may  in  the  course  of  the  disease  become  dangerous 
to  various  paths  of  conduction,  and  produce  paralj^sis.  And 
finally,  we  may  remember  that  the  presence  of  a  large  fluid 
exudation  in  the  sac  of  the  dura  may  compress  the  cord  and 
the  nerve-roots  to  such  an  extent  as  to  produce  paralysis.  This 
lesion  will  become  probable  only  under  special  conditions,  as 
when  the  paralysis  is  diffuse  and  not  very  severe. 

The  symptoms  on  the  part  of  the  vegetative  organs  are  less 
constant,  and  often  hard  to  interpret ;  their  physiological  con- 
nection with  the  cord  is  well  known  to  be  undetermined  in  many 
points. 

In  the  urinary  apparatus,  a  frequent  disposition  to  pass 
water,  in  connection  with  ischuria  or  complete  retention  of 
urine,  has  often  been  observed  ;  it  has  been  usual  to  explain 
these  symptoms  as  the  consequence  of  a  direct  or  reflex  spasm 
of  the  sphincter  of  the  bladder.  At  a  later  stage,  well-marked 
weakness  and  paralysis  of  the  bladder  often  occur,  usually 
accompanied  by  paraplegia.  For  the  explanation  of  this  we 
require  the  same  facts  which  explain  motor  paralysis ;  the 
mechanism  of  the  various  forms  is  that  which  has  been  stated 
on  page  79  et  seq. 

The  composition  and  quantity  of  the  urine  seem  to  depend 
on  the  severity  of  the  fever ;  it  is  at  first  saturated,  dark,  scant}'-, 
clouded  with  urates,  but  later  becomes  abundant,  light,  and  clear. 
In  a  good  many  cases  (especially  of  the  epidemic  form),  an  un- 
usual excess  in  quantity  has  been  observed,  which  is  usually 
ascribed  to  a  direct  nervous  stimulation  of  the  secretion,  origi- 
nating in  the  cord  ;  and  in  like  manner  the  rarer  affection,  melli- 
turia. 
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In  the  digestide  apparatus  we  observe  the  disturbances  which 
usually  accompany  febrile  complaints,  and  in  addition,  most 
frequently  constipation,  which  is  referred  by  Koehler  to  spasm 
of  the  intestinal  muscles,  and  consequent  interference  with  peri- 
staltic action,  and  to  the  spasmodic  tension  of  the  abdominal 
muscles.  This  explanation  may  be  correct  in  the  first  stages, 
but  at  a  later  point,  the  sluggishness  and  weakness  which  are 
so  characteristic  of  intestinal  movements  in  many  spinal  diseases 
are  more  probably  the  cause.  The  abdomen  is  usually  sunken 
and  tense  ;  swelling  and  meteorism  are  rare,  and  so  is  diarrhoea. 
Vomiting,  which  often  occurs,  is  probably  always  due  to  a  local- 
ization of  the  process  at  the  basis  of  the  brain,  and  therefore  is 
most  frequent  in  cerebro-spinal  meningitis. 

The  respiratory  apyaratus  is  remarkably  affected  in  all 
severe  attacks  of  spinal  meningitis,  especially  when  located  in 
the  cervical  region.  All  the  degrees  of  accelerated  and  difficult 
breathing  occur,  up  to  the  extreme  of  dyspnoea,  and  even  as- 
phyxia. The  explanation  is  to  be  sought  in  the  following  cir- 
cumstances: irritation  of  the  cervical  roots,  and  the  consequent 
spasmodic  tension  and  immobility  of  the  respiratory  muscles,  or, 
at  later  periods,  paralysis  of  the  same  apparatus ;  irritation  or 
paralysis  of  the  respiratory  paths  in  the  lateral  columns  of  the 
cervical  medulla  ;  and  finally,  the  direct  affection  of  the  medulla 
oblongata  and  the  centres  of  respiration  which  it  contains.  Near 
the  fatal  termination,  the  Cheyne-Stokes  phenomenon  of  respira- 
tion has  been  repeatedly  observed,  which  probably  always  indi- 
cates that  the  medulla  oblongata  has  been  reached  by  the  inflam- 
mation.' 

The  disturbances  of  the  apparatus  of  circulation  have  been 
but  little  studied,  and  owing  to  their  complicated  origin,  they 
are  hard  to  interpret.  They  depend  firstly  and  chiefly  upon  the 
fever.  Increased  frequency  of  pulse  is  the  rule  ;  yet  retardation 
often  occurs,  especially  in  cerebral  complications ;  great  irregu- 
larity in  rapidity  and  rhythm  is  often  observed ;  in  fatal  cases, 
towards  the  close,  as  the  temperature  rises,  the  pulse  often  be- 
comes too  fast  to  count.    It  may  be  left  to  the  reader  to  form 
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for  himself  a  suitable  explanation  of  the  disturbances  in  such 
a  case,  by  reference  to  the  physiological  principles  governing  the 
innervation  of  the  heart  from  the  cord  and  medulla  oblongata. 

The  reaction  of  the  pupil  has  not  been  fully  studied ;  and  it 
seldom  gives  us  an  unqualified  indication.  A  striking  contrac- 
tion may  occur,  as  well  as  unilateral  or  bilateral  dilatation.  It 
will,  however,  not  always  be  easy  to  decide  whether  paralysis  or 
irritation  of  the  oculo-pupillary  fibres  in  the  cervical  cord  is  the 
cause  of  these  disturbances,  and  whether  the  oculomotorius  is 
not  also  involved. 

The  cerebral  symptoms  which  occur  at  times  during  spinal 
meningitis  and  regularly  in  the  cerebro-spinal  form — delirium, 
coma,  general  convulsions,  epileptiform  attacks,  trismus,  grind- 
ing of  the  teeth,  disturbances  of  the  organs  of  sense,  spasm  and 
paralysis  of  single  cerebral  nerves,  vomiting,  sleeplessness,  loss 
of  speech,  giddiness,  etc. — are  merely  enumerated  here,  as  they 
have  been  fully  described  and  explained  under  Epidemic  Cere- 
bro-spinal Meningitis  (Vol.  II.),  and  Cerebral  Meningitis  (Yol. 
XII.). 

The  fever  of  sporadic  spinal  meningitis  has  been  but  little 
studied.  The  temperature  seems  to  be  very  irregular ;  in  the 
beginning  it  is  usually  high,  but  at  the  later  period  considerable 
variations  occur,  which  may  continue  during  early  convalescence- 
In  fatal  cases  a  rise  of  temperature  is  often  observed  during  the 
agony.  As  regards  the  fever  of  the  epidemic  form,  see  the  trea- 
tise by  von  Ziemssen  in  the  second  volume  of  this  work. 

Pathological  eruptions  of  the  skin  (herpes,  roseola,  petechise, 
erythema,  urticaria,  erysipelas,  etc.)  seem  not  to  be  constant  or 
particularly  significant,  except  in  epidemics ;  we  therefore  refer 
to  the  place  where  the  latter  are  described. 

The  general  nutrition  usuall}-  suffers  greatly  ;  the  patient 
emaciates  quickly  and  to  a  great  extent,  owing  to  the  severity 
and  duration  of  the  fever,  the  deficient  supply  of  food,  the  great 
physical  suffering,  and  the  loss  of  sleep.  In  severe  and  pro- 
tracted cases,  emaciation  may  become  extreme. 

As  a  matter  of  course,  not  all  the  cases  of  spinal  meningitis 
are  accompanied  by  all  the  above  symptoms.  In  given  cases, 
the  appearance  of  the  disease  may  differ  greatly.    The  lead- 
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ing  symptoms  are  more  or  less  distinct  in  all  cases,  but  the 
accession  of  the  other  symptoms,  which  are  not  invariably  found, 
may  give  rise  to  many  varieties  of  the  disease,  which  cannot  pos- 
sibly be  enumerated  here.  Let  it  suffice  to  state  that  age  and 
individual  constitution  may  produce  considerable  differences  in 
the  course  of  the  symptoms,  and  that  the  nature  of  the  cause 
usually  influences  the  form  of  the  disease  ;  that  essential  or  acci- 
dental complications  with  inflammation  of  the  membranes  of  the 
brain,  inflammation  and  other  diseases  of  the  internal  organs, 
may  greatly  modify  the  character  of  the  disease  ;  and  that, 
Anally,  the  portion  of  the  spinal  cord  which  is  attacked  has  a 
great  influence  upon  the  symptoms. 

It  is  with  regard  to  this  latter  point  that  we  would  briefly 
mention  the  chief  signs  for  locating  the  disease  in  the  lumbar, 
dorsal,  or  cervical  region. 

If  the  lumbar  region  is  the  part  chiefly  attacked,  we  shall 
And  pain  in  the  loins  and  sacrum,  stiffness  of  the  lower  part  of 
the  spine,  pain  radiating  to  the  hypogastrium  and  the  lower  ex- 
^  tremities,  spasm  and  paralysis  limited  to  these  parts,  severe  uri- 
nary difiiculties,  etc. 

If  the  dorsal  region  is  also  involved,  the  pain  reaches  a  higher 
point  of  the  trunk,  pain  and  stiffness  of  the  back  go  up  as  high 
as  the  shoulder,  disturbances  of  respiration,  prsecordial  anxiety, 
etc.,  are  perceived,  while  the  symptoms  in  the  lower  extremities 
continue. 

If  the  process  extends  to  the  cervical  region,  the  characteris- 
tic symptoms  of  stiffness  of  the  back  of  the  neck,  excentric  phe- 
nomena [i.  e.,  pain,  etc.,  of  a  central  origin]  extending  to  the 
upper  extremities,  severe  difficulty  of  breathing  and  swallowing, 
anomalies  of  the  cardiac  action,  pupillary  symptoms,  etc.,  are 
observed. 

Finally,  if  the  inflammation  extends  to  the  medulla  oblon- 
gata and  to  the  base  of  the  cranium,  then,  in  addition  to  the 
chief  spinal  symptoms,  those  of  a  cerebral  nature  become  more 
and  more  prominent ;  vomiting,  headache,  delirium,  paralysis  of 
ocular  muscles,  trismus,  disturbances  of  respiration  and  speech 
are  observed,  and  impart  to  the  disease  a  very  characteristic 
appearance. 
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Course^  duration,  termination. — In  describing  these,  we  must 
make  a  division  into  groups. 

In  the  severest  cases  death  occurs  early.  In  epidemics  it  has 
occurred  within  a  few  hours  (meningitis  cerebro-spinalis  side- 
rans),  but  more  usually  is  postponed  for  a  few  days ;  the  vio- 
lence of  the  symptoms  increases  from  hour  to  hour,  tetanic 
spasms  interrupt  the  constant  rigidity  of  the  muscles,  severe  dis- 
turbances of  respiration  and  circulation  occur,  comatose  symp- 
toms appear,  and  death  follows  amid  profound  collapse,  often 
preceded  by  a  great  rise  of  temperature,  and,  in  the  last  hours,  a 
general  relaxation  of  the  muscles. 

In  less  violent  cases  the  duration  may  be  two  or  three  weeks  ; 
the  severity  of  the  symptoms  fluctuates,  but  in  general  those 
which  import  danger  increase,  the  patient's  forces  sink,  and  at 
last  the  serious  symptoms  above  enumerated  appear,  and  lead  to 
death  in  like  manner. 

There  are  other  cases  which  have  a  very  protracted  course. 
The  fever  and  the  acute  symptoms  diminish,  but  there  is  no  sign 
of  recovery  ;  the  most  important  symptoms  persist  and  increase, 
giving  rise  to  the  chronic  form  of  the  disease.  This  form  may 
either  take  the  ordinary  course  of  chronic  spinal  meningitis,  or 
it  may  be  aggravated  by  a  deep  affection  of  the  cord,  and  the 
patient  dies  with  symptoms  of  chronic  spinal  paralysis,  often 
after  many  months. 

As  to  recovery,  that  is  often  hoped  for  in  vain.  In  the  most 
favorable  cases  it  may  occur  very  soon ;  the  threatening  symp- 
toms grow  less  so  in  a  day  or  two,  soon  disappearing,  or  if  re- 
turning, it  is  in  a  milder  form  and  for  a  short  time.  This  rapid 
convalescence  is  often  introduced  by  critical  symptoms— profuse 
sweating,  bleeding  from  the  nose,  or  hemorrhoidal  or  menstrual 
bleeding,  abundant  discharge  of  urine,  etc.;  and  cases  have  been 
reported  where  patients  have  been  able  to  go  about  their  busi- 
ness in  a  Aveek  or  two.  But  the  recovery  usually  lasts  longer  ; 
the  convalescence  drags  on  for  weeks  and  months,  the  pains  and 
paralytic  symptoms  disappear  by  degrees,  the  strength  improves 
slowly,  the  patient  has  first  to  use  crutches,  and  often  lingers  for 
months  in  an  invalid  condition,  from  which  he  finall}^  recovers 
completely  after  several  courses  of  treatment.   Such  are  the  cases 
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in  which  inflammatory  products,  exudations,  adhesions,  etc.,  re- 
main to  retard  recovery. 

There  are,  of  course,  a  few  cases  in  which  incurable  traces  of 
mischief  remain,  after  the  general  health  has  been  fully  restored ; 
this  constitutes  an  imperfect  recovery.  The  patient  is  well,  with  ^ 
the  exception  of  some  paresis  or  paralysis  of  certain  groups  of 
muscles,  partial  atrophy,  local  anaesthesia,  permanent  stiffness  of 
the  back,  etc.  A  marked  tendency  to  relapses,  of  various  de- 
grees of  severity,  often  persists  for  a  time. 

Diagnosis. 

The  sjonptoms,  when  fully  developed,  form  a  very  character- 
istic group,  not  easy  to  be  mistaken.  The  chief  diagnostic  diffi- 
culty arises  when  we  have  to  separate  this  group  from  among 
more  complicated  symptoms,  or  to  distinguish  it  from  related 
diseases. 

The  general  marks  of  the  disease  are  fever,  pain  and  stiffness 
in  the  tack,  stiffness  of  the  hack  of  the  neck,  muscular  spasms^ 
hyper (Bsthesia  and  par (Esthesia  of  the  skin,  pains  in  the  limbs, 
retention  of  the  faeces  and  urine,  dyspnoea,  and,  in  the  later 
stages,  paralysis.  Where  all  or  most  of  these  symptoms  are 
present,  it  will  be  quite  easy  to  form  a  diagnosis. 

We  shall  very  often  have  to  put  the  question  whether  an 
existent  cerebral  meningitis  is  complicated  with  the  spinal  affec- 
tion. In  the  cerebro-spinal  form,  the  cerebral  symptoms  consti- 
tute the  most  prominent  feature,  while  the  presence  of  spinal 
inflammation  is  indicated  by  pain  in  the  back  and  loins,  stiffness 
of  the  nucha  (which  doubtless  depends  on  an  implication  of  the 
cervical  medulla),  stiffness  of  the  back,  hyperaesthesia  and  pain 
in  the  extremities,  particularly  the  inferior. 

The  diseases  most  readily  confounded  with  spuial  meningitis 
are  acute  myelitis  and  tetanus.  The  diagnosis  from  acute  myeli- 
tis may  be  hard  to  make  in  many  cases,  especially  as  (in  our 
belief)  the  two  diseases  are  very  often  united,  and  myelitic  symp- 
toms are  often  of  more  prominence  than  those  of  the  other  dis- 
ease. But  a  little  attention  will  enable  us  to  decide  the  case  on 
one  or  the  other  side  with  very  great  probability.    In  acute 
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myelitis  the  pains  in  the  back  and  limbs,  especially  the  excentric 
pains  in  the  limbs,  are  very  much  in  the  background  ;  the  stiff- 
ness oJ!  the  back  and  neck  are  absent ;  hypera3sthesia  is  by  no 
means  prominent,  and  the  limbs  are  not  rendered  immovable  by 
pain  and  muscular  tension.  But  in  myelitis  actual  paralysis  is 
very  early  a  prominent  symptom  ;  it  occurs  much  more  quickly 
and  completely  than  in  meningitis,  and  in  the  sensor}'-  sphere  it 
is  quite  prominent  in  the  form  of  early  and  severe  anaesthesia. 
To  this  is  soon  added  paralysis  of  the  bladder  and  rectum,  often 
acute  bed-sore,  and  much  increase  of  reflex  action.  The  fever  is 
not,  however,  so  high.  From  these  symptoms  it  will  be  easy  to 
recognize  myelitis  if  present,  either  alone  or  as  complicating 
meningitis. 

From  tetanus,  the  anatomical  basis  of  which  was  often  sup- 
posed to  consist  of  acute  meningitis,  the  latter  can  usually  be 
distinguished  with  ease  and  certainty.  Apart  from  the  causal 
elements,  which  often  much  assist  in  making  the  diagnosis,  the 
following  criteria  must  be  taken  into  account.  Tetanus  is  a  non- 
febrile  affection — in  the  commencement,  at  least,  it  is  always 
such ;  it  begins  with  trismus,  with  scarcely  an  exception,  while 
in  meningitis  this  symptom  is  postponed  to  the  later  stages; 
there  are  never  any  signs  of  cerebral  implication  ;  the  peculiar 
expression  due  to  rigidity  of  the  facial  muscles  (Koehler,  Koenig) 
is  especially  characteristic,  but  does  not  belong  to  meningitis  ;  in 
tetanus  hypersesthesia  of  the  skin  is  absent,  but  the  reflex  excita- 
bility is  increased  to  a  degree  which  very  seldom  occurs  in  men- 
ingitis ;  the  spasms  are  much  more  violent  and  severe  in  teta- 
nus ;  very  severe  dyspnoea  and  trouble  in  swallowing  occur  early, 
while  in  meningitis  they  accompany  only  the  affection  of  the  cer- 
vical region  and  the  base  of  the  brain,  which  is  always  denoted 
by  marked  disturbances  of  the  cerebral  nerves,  changes  in  the 
pupils,  etc.,  that  do  not  occur  in  tetanus. 

It  will  hardly  be  necessary  to  give  the  points  of  diagnosis 
between  spinal  meningitis  and  acute  febrile  r7ieumatism  of  the 
muscles  of  the  back,  which  is  characterized  by  its  light  and 
favorable  course,  the  local  painfulness  of  the  muscles,  absence  of 
pain  in  the  limbs,  of  hyperfesthesia  of  the  skin,  paralyses,  etc. 

Diseases  of  internal  organs,  as,  for  instance,  inflammation  of 
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the  lungs  and  pleura,  lieart,  oesophagus,  abdominal  viscera,  etc., 
cannot  possibly  be  confounded  with  spinal  meningitis  except  in 
persons  with  marked  spinal  irritation,  in  whom  all  febrile  dis- 
eases are  associated  with  pain  in  the  back,  tenderness  of  the  ver- 
tebrje,  etc.  This  confusion  may  easily  be  avoided  by  careful 
attention  and  physical  examination. 

Among  the  forms  of  spinal  meningitis,  the  tuherciilous  is  the 
only  one  deserving  of  careful  attention,  as  its  diagnosis  is  known 
to  involve  grave  consequences  in  respect  to  prognosis  and  treat- 
ment. As  it  is  probably  always  associated  with  tubercular  basi- 
lar meningitis,  we  may  refer  to  Vol.  XII. ,  where  are  given  the 
points  which  need  attention  in  distinguishing  this  form  from  the 
other  forms  of  cerebral  meningitis.  A  bad  constitution,  scrofu- 
losis,  tuberculosis,  slow  development  of  the  symptoms,  moderate  « 
and  irregular  fever,  retarded  pulse,  the  cerebral  symptoms,  etc., 
will  guide  the  diagnosis.  Ophthalmoscopic  examination,  by  show- 
ing tubercles  in  the  choroid,  will  perhaps  often  decide  the  point. 


Prognosis. 

According  to  the  form  and  causes  of  spinal  meningitis,  the 
constitution  of  the  person  attacked,  the  complications,  etc.,  the 
prognosis  will  vary  extremely.  Only  the  strictest  weighing  of 
the  case  can  make  clear  the  leading  points,  which  can  only  be 
given  in  outline  in  this  place. 

Cases  which  begin  and  continue  with  sudden  violence  (foudroy- 
ant)  are  absolutely  unfavorable.  The  tuberculous  form  is  equally 
so.  Tliose  caused  by  deep  bed-sores  or  severe  vertebral  lesions  are 
very  unfavorable.  The  rheumatic  cases  and  those  due  to  simple 
traumatic  lesion  are  more  favorable,  and  so  are  many  cases  of 
epidemic  origin. 

The  progress  is  influenced  for  the  worse  by  the  following  cir- 
cumstances :  a  very  youthful  or  very  advanced  age  ;  bad  consti- 
tution, anmmia,  the  previous  occurrence  of  severe  disease,  etc. ; 
by  the  height  to  wliich  tlie  disease  ascends  in  tlie  spine,  towards 
the  brain  ;  by  early  symptoms  of  paralysis,  signs  of  general  loss 
of  strength,  high  fever,  continually  rising  temperature  and  in- 
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creasing  frequency  of  pulse  ;  great  difficulty  in  breathing,  dys- 
phagia, severe  cerebral  symptoms,  etc. 

The  opposite  of  any  of  these  conditions  is  favorable  for  the 
patient.  A  moderate  intensity  of  the  chief  symptoms  and  tlie 
fever,  in  robust  persons  in  middle  life,  will  permit  an  especially 
favorable  prognosis. 

But  in  all  cases  we  should  be  cautious  in  making  predictions. 
Acute  spinal  meningitis  is  always  a  serious  disease.  Even  in 
what  seem  the  lightest  cases  it  should  always  be  kept  in  mind 
that  the  inflammation  exists  in  the  immediate  neighborhood  of  a 
vital  and  extremely  delicate  organ,  and  further,  that  when  all 
immediate  danger  to  life  is  past,  a  transition  to  the  chronic  form 
is  but  too  easy,  the  prognosis  of  which  is  not  at  all  favoi-able ; 
and  finally,  that  unforeseen  relapses  may  occur,  which  will  sud- 
denly alter  the  situation  in  a  disastrous  way. 

The  prognosis  in  later  stages,  with  regard  to  duration  and 
mode  of  termination,  sequelae,  etc.,  should  be  made  in  accord- 
ance with  general  rules,  keeping  in  mind  what  has  been  pre- 
viously said.  We  should  be  no  less  careful  here  ;  for  not  rarely, 
in  spite  of  the  apparent  insignificance  of  the  residual  affection, 
partial  paralyses,  atrophies,  etc.,  will  obstinately  resist  all  treat- 
ment, while  at  other  times  they  certainly  yield  with  surprising 
quickness  to  rational  treatment. 

Treatment. 

No  effective  pi'opliylactic  measures  can  be  mentioned  in  spo- 
radic spinal  meningitis ;  the  precautions  to  be  taken  in  the  epi- 
demic form  are  given  in  Vol.  II. 

In  so  acute  a  disease,  we  can  seldom  speak  of  fulfilling  the 
causal  indication.  As  a  rule,  we  have  little  to  hope  from  this ; 
but  in  some  cases  the  removal  of  foreign  bodies,  the  treatment  of 
fractures  of  the  vertebrse,  of  suppuration  in  the  neighborhood,  of 
more  remote  diseases,  and  the  like,  may  be  necessary ;  of  the 
manner  of  accomplishing  this,  we  need  not  here  speak.  If  the 
cause  is  unquestionably  of  a  rheumatic  nature,  energetic  diapho- 
resis may  be  tried. 

We  shall  usually  have  the  disease  in  its  full  develojpment  to 
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treat.  The  severity  and  threatening  nature  of  the  symptoms 
usually  tempt  to  energetic  measures ;  and,  in  fact,  much  has 
always  been  done  and  many  things  recommended. 

Let  us  keep  in  mind,  above  all,  that  the  treatment  should  be 
determined  upon  with  careful  regard  to  the  individual  circum- 
stances, the  amount  of  strength,  the  causes,  the  prominent  symp- 
toms, and  that  these  ought  to  be  our  chief  guide  in  choosing 
remedies. 

We  shall,  in  the  first  place,  always  find  reason  for  energetic 
antipJilogistic  measures,  among  which  bloodletting  and  cold  are 
the  chief.  General  bleeding,  venesection,  will  be  used  only  in  the 
rarest  cases,  namely,  in  very  robust,  plethoric  patients,  and  when 
the  initial  symptoms  are  very  intense.  Local  bloodletting  will 
generally  suffice ;  it  must  be  free  and  frequent.  Cups  and  leeches 
on  the  vertebral  column  are  the  best,  in  number  dependent  on 
the  seat  and  extension  of  the  disease,  the  patient's  age  and  con- 
stitution. In  many  cases  blood  may  also  be  drawn  from  the 
anus  and  vagina. 

The  application  of  cold  along  the  spinal  column  must  in  all 
cases  be  attempted,  and,  if  possible,  carried  out  with  great  thor- 
oughness. Unfortunately,  it  is  often  hard  to  fix  the  ice-bags  on 
the  spine,  on  account  of  the  patient's  restlessness,  and  yet  cold 
applications  and  wraps,  irrigation  and  affusion  of  the  back  can- 
not properly  replace  the  bags. 

To  this  add  a  mgorous  derination  to  the  intestine  or  skin. 
For  the  former  purpose,  drastic  purges  may  be  advised  (the  best 
is  calomel  with  jalap),  or  strong  saline  purges,  "  aqua  laxativa," 
etc.  ;  of  course  with  allowance  for  individual  constitutions.  For 
derivation  to  the  skin,  the  best  and  most  successful  method  con- 
sists in  the  repeated  application  of  large  blisters  along  the  spinal 
column.  In  the  milder  cases,  frictions  with  pustulating  ointment 
and  painting  with  tincture  of  iodine  along  the  vertebral  column, 
liot  mustard  foot-baths,  sinapisms  to  the  back  and  calves  or 
thighs,  etc.,  are  sufficient.  The  white-hot  iron  seems  not  to  act 
especially  well ;  it  might  at  most  be  tried  in  desperate  cases  of 
disease  in  the  cervical  region. 

Mercury  has  always  been  recommended  as  an  antiphlogistic 
from  the  earliest  times  ;  the  most  usual  methods  are  the  rubbing 
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in  of  mercurial  ointment  upon  the  back  or  extremities,  in  the 
quantity  of  from  one  to  four  grammes  [from  lifteen  grains  to  a 
drachmj  daily,  and  the  internal  exhibition  of  moderate  doses  of 
calomel  (0.15-0.25  [from  two  and  a  quarter  to  four  grains],  two 
or  three  times  a  day) ;  the  usual  precautions  against  salivation 
being  of  course  employed.  We  have  no  certahi  pi-oof  of  the 
efficacy  of  this  method.  Among  the  internal  remedies,  tartar 
emetic  was  formerly  much  given,  but  is  now  for  the  most  part 
abandoned.  It  is  for  the  future  to  determine  whether  ergotin 
deserves  the  recommendation  given  by  Hammond  on  account  of 
its  action  on  the  vessels. 

The  entire  surroundings  of  the  'patient  must  be  arranged  in 
conformity  with  the  idea  of  antiphlogistic  treatment ;  a  quiet, 
airy,  moderately  warmed  room  ;  absolute  rest  in  bed,  best  on  the 
side  or  face,  avoiding  the  back  as  much  as  possible  ;  prevention 
of  all  noise  and  excitement ;  avoidance  of  bodily  movement  and 
exertion  ;  for  nourishment,  a  fluid,  easily  digestible  diet,  at  first 
cooling,  but  soon  to  be  made  tonic  and  roborant ;  for  drink, 
water,  lemonade,  juices  of  fruit,  mild  acid  drinks,  but  no  spiritu- 
ous drink,  no  coffee  or  tea — such  are  the  chief  things  to  be 
attended  to. 

But  this  is  far  from  exhausting  our  therapeutic  aims,  for 
there  remain  very  important  symptomatic  indications  to  be  ful- 
filled, which  usually  become  imperative,  owing  to  the  severity  of 
the  patient's  sufferings. 

In  the  first  place,  sedatives  are  required,  in  order  to  relieve 
pain,  sleeplessness,  liypersesthesia.  The  opiates  are  universally 
recommended  for  this  purpose  above  all  other  remedies,  and  they 
have  been  sufficiently  tested  in  the  great  epidemics  of  cerebro- 
spinal meningitis  ;  large  doses  of  opium,  subcutaneous  injection 
of  morphia.  With  this  may  be  mentioned  chloral  hydrate,  and 
in  some  cases  the  inhalation  of  chloroform. 

May  not  SeZMorena  deserve  the  preference  over  opium  in  such  cases?  Bella- 
donna is  stated  to  contract  the  vessels  of  the  cord,  and  it  also  possesses  narcotic 
virtues.  Favorable  sedative  results  are  also  to  be  expected  with  certainty  from  the 
use  of  bromide  of  potassium.  All  these  remedies  seem  especially  efficacious  when 
given  directly  after  bleeding. 

Baths,  especially  lukewarm,  protracted  full  baths,  occupy 
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tlie  second  place  as  sedatives.  If  sucli  are  used,  we  may  dis- 
pense with  cold  affusion  of  tlie  head  and  back,  unless  the  latter 
be  called  for  by  special  indications— violent  cerebral  symptoms, 
delirium,  collapse,  etc.  Moist  paclcing  of  the  whole  body  often 
soothes  and  brings  sleep. 

For  hyperjesthesia  and  pain,  muscular  tension  and  spasm, 
many  trials  of  external  remedies  have  been  made  ;  little  is  to  be 
expected  of  them ;  the  most  likely  to  succeed  are  frictions  with 
warm  oil,  chloroform  liniment  with  infused  oil  of  hyoscyamus, 
and  similar  applications. 

For  the/e»er,  we  shall  seldom  have  to  take  special  measures ; 
if  necessary,  we  should  employ  the  regular  methods  of  large- 
doses  of  quinia  and  cool  baths. 

For  weakness  of  the  Tieart  and  threatened  collapse,  the  usual 
analeptics  are  to  be  used  when  required,  just  as  in  other  inflam- 
matory affections.  For  disturbances  of  respiration  we  can  do 
but  little,  unless  we  succeed  in  directly  checking  the  inflamma- 
tion in  the  cervical  region. 

If  convalescence  has  begun  quickly  and  favorably,  no  further 
treatment  is  usually  required,  except  care  of  the  diet  and  the 
usual  precautions  against  overexertion.  To  provide  against  re- 
lapses, the  wearing  for  a  long  time  of  a  vesicating  plaster  (of  one- 
half  the  usual  strength)  upon  the  back  has  been  recommended. 

But  if  the  affection  has  only  assumed  the  chronic  form,  it  is 
needful,  above  all,  to  assist  the  resorption  and  withdrawal  of  the 
exudation,  for  which  purpose  iodine  seems  most  suitable  ;  to  be 
used  externally  in  the  form  of  ointment,  internally  in  large  doses 
of  iodide  of  potassium,  to  be  continued  for  a  considerable  time. 
For  the  relief  of  this  stage  we  must  also  take  into  account  warm 
baths,  thermal  and  brine  baths,  suitable  water-cures,  etc.,  accord- 
ing to  the  rules  given  in  the  following  section  on  Chronic  Menin- 
gitis. 

The  residua  and  sequelae  (palsy,  atrophy,  anaesthesia,  weak- 
ness of  the  bladder,  etc.)  should  be  treated  upon  general  prin- 
ciples, mostly  with  baths  and  electricity.  Compare  the  sections 
on  Chronic  Meningitis  and  Myelitis. 
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b.  Leptomeningitis  Spinalis  Cflironica. 

By  this  term  we  understand  a  non-febrile  inflammation  of 
tlie  soft  membranes  of  the  cord^  slow  in  development  and  course^ 
or  one  wliicli  has  become  sluggish  after  having  run  an  acute 
course.  The  anatomical  changes  which  characterize  this  form 
are  usually  slight,  rarel}'-  well-marked.  The  symptoms,  at  first 
often  very  trilling,  afterwards  assume  a  more  severe  character, 
and  may  develop  by  degrees  with  very  destructive  effect.  Chro- 
nic spinal  meningitis  is  often  the  point  of  origin  for  chi'onic  in- 
flammatory processes  in  the  cord. 

Etiology. 

The  causes  of  this  disease  are  quite  obscure  in  many  respects  ; 
the  disease  is  very  often  unrecognized  or  disregarded,  as  its 
symptoms  disappear  amid  the  crowd  of  symptoms  of  severe  com- 
plicating processes. 

The  disease  very  often  originates  from  the  acute  form,  and 
has,  therefore,  the  same  cause.  All  possible  debilitating  influ- 
ences, bad  nourishment,  abuse  of  tobacco,  etc.,  are  said  to  favor 
the  occurrence  of  this  transformation,  and,  in  general,  to  produce 
a  certain  predisposition  to  chronic  spinal  meningitis. 

In  general,  the  same  causes  which  produce  the  acute  form 
may  give  rise  directly  to  the  chronic,  provided  that  they  are  less 
intense,  but  perhaps  more  continuous  or  more  frequently  re- 
peated. 

Many  cases  are  directly  traceable  to  cold ;  the  occupancy  of 
damp  dwellings,  working  in  the  wet  and  cold,  bivouacking  in 
bad  weather  (hence  rather  common  among  officers  in  the  field — 
Braun),  are  those  most  usually  spoken  of. 

Traumatic  lesions  of  moderate  severity  often  lead  to  chronic 
meningitis.  Especially,  simple  shocks,  falls  upon  the  seat  or 
back,  contusion  of  the  spine,  slight  railway  accidents  and  the 
like  may  by  degrees  lead  to  inflammation. 

Chronic  ivfammatory  processes  or  neoplastic  processes  of 
neighboring  parts  often  pass  to  the  spinal  membranes  ;  thus,  in 
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caries  of  tlie  vertebKB,  cliroiiic  periostitis  of  the  same,  carCiiionia, 
and  other  new  formations  of  the  vertebne  or  the  spinal  mem- 
branes, etc.  This  connection  is  especially  important  in  most  of 
the  chronic  diseases  of  the  cord;  in  chronic  myelitis,  sclerosis, 
atrophy,  and  gray  degeneration  of  the  cord  nothing  is  more  com- 
mon than  extension  of  the  chronic  inflammation  to  the  soft  mem- 
branes of  the  spine.  Here  are  to  be  included  the  syphilitic  and 
leprous  affections  which  often  occur  in  the  vertebral  canal,  the 
specific  products  of  which  are  usually  surrounded  by  more  or 
less  extensive  chronic  myelitis.  Bruberger  once  found  an  exqui- 
site syphilitic  spinal  meningitis  of  the  cervical  part  of  the  cord 
in  connection  with  syphilitic  basilar  meningitis. 

How  far  suppressed  excretions  {e.  g. ,  suppression  of  the  hem- 
orrhoidal or  menstrual  discharge,  or  of  perspiration  of  the  feet, 
the  disappearance  of  chronic  eruptions,  etc.)  may  act  as  causes 
of  spinal  meningitis,  we  dare  not  decide. 

The  misuse  of  alcohol,  however,  seems  to  be  certainly  a  very 
active  cause  (Huss).  Excess  of  hodlly  effort  and  sexual  excesses 
may  be  considered  rather  as  predisposing  than  as  direct  causes. 

Koehler  lays  stress  upon  chronic  disease  of  the  heart  and 
lungs,  disease  of  the  liver,  and  all  sorts  of  circumstances  which 
may  give  rise  to  impediments  in  the  vertebral  veins,  as  regular 
causes  of  chronic  and  slow  inflammations  of  the  coats  of  the 
cord,  but  he  seems  not  to  have  paid  enough  attention  to  distin- 
guishing the  simple  hypersemia  of  blocked  circulation,  with 
transudation,  from  actual  inflammation. 

Pathological  ^Tia^fdl^^iCHlRURCICAL  SOCIETY 

The  morbid  appearances  are  in  most  cases  quite  constant, 
showing,  however,  some  differences  in  the  intensity  and  extent 
of  the  process. 

Besides  a  more  or  less  distinct  hyperemia,  the  principal  ana- 
tomical characteristics  of  chronic  meningitis  spinalis  consist  in 
opacity  and  thickening  of  the  pia  and  arachnoid,  close  aggluti- 
nation and  adhesion  between  these  and  the  dura,  unusualiy  firm 
adherence  of  the  pia  to  the  cord,  and  an  abundance  of  siDinal 
fluid.  ^ 
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The  lij'-persBniia  is  mainly  of  a  venous  character ;  the  small 
veins  and  capillaries  are  dilated,  the  color  is  rather  a  dark  red, 
more  or  less  diffuse. 

The  thickening  with  connective  tissue  may  be  very  great,  so 
that  the  soft  membranes  assume  an  opaque  tendinous  appear- 
ance, and  unite  in  forming  one  uniformly  hard  membrane.  The 
latter  may  be  pigmented  in  spots,  sprinkled  with  small  extrava- 
sations of  blood  and  spots  of  pigment,  and  is  often  connected 
with  the  dura  by  means  of  more  or  less  extensive  false  mem- 
branes. Jaccoud  found  in  an  interesting  case  great  fibrous 
plates  in  the  arachnoid  along  the  region  of  the  nerve-roots, 
almost  continuous  in  the  cervical  and  lumbar  cord,  affecting 
chiefly  the  anterior,  less  the  posterior  roots,  and  leading  to  atro- 
phy. It  is  more  common  to  find  a  deposition  of  thin,  small, 
more  or  less  numerous  plates  of  lime  upon  the  arachnoid,  which, 
especially  in  the  lumbar  region,  are  often  found  without  any 
other  marked  sign  of  inflammation. 

An  abundant  secretion  of  spinal  fluid  is  almost  always  found, 
seemingl}^  in  much  increased  quantity.  Many  cases,  formerly 
described  under  the  term  hydrorrhachis,  evidently  come  under 
this  class.  The  serum  is  often  clear  and  of  the  usual  consistency, 
but  is  of  tener  turbid,  flocky,  tinged  with  blood,  or  mixed  with  an 
abundant  fibrinous  exudation.  Stokes  found  an  abundant  puru- 
lent exudation  in  a  case  which  had  been  unattended  with  fever. 

The  dniYi  mater  often  shares  in  the  inflammatorj^  process  to  a 
corresponding  extent,  being  thickened,  opaque,  sometimes  gran- 
ular, covered  with  growths  of  connective  tissue  and  adhesions 
(cf.  also  what  was  said  under  Pachymeningitis  Interna,  pp.  221 
and  222). 

The  cord  itself  is  implicated  (myelomeningitis)  in  most  cases, 
though  in  various  degrees  and  to  a  various  extent.  Often  only 
the  processes  of  the  pia  mater  which  enter  the  cord  appear  thick- 
ened and  swollen  ;  but  more  frequently  tliere  is  a  more  or  less 
extended  sclerosis  (so-called)  of  the  cord,  in  various  forms.  Such 
a  sclerosis  is  sometimes  annular  in  shape,  beneath  the  pia,  some- 
times it  occurs  as  longitudinal  bands  in  certain  columns  of  the 
cord,  sometimes  is  disseminated  in  spots,  and  sometimes  it  is  a 
chronic  myelitis,  occupying  the  entire  transverse  section,  and 
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extending  to  a  greater  or  less  distance  longitudinally.  We  often 
see,  originating  in  such  seats  of  disease,  degeneration  ascending 
in  tlie  posterior  columns,  and  descending  in  the  lateral  columns, 
and  reaching  to  a  great  distance.  The  result  of  this  process 
may  be  a  considerable  atrophy  and  diminution  of  the  diameter 
of  the  entire  cord. 

The  nerve-roots  are  usually  atrophied,  pale,  gray,  degenerated ; 
they  are  lost  to  the  eye  amidst  the  thickened  and  opaque  mem- 
branes of  the  spinal  cord,  and  suffer  more  or  less  radical  clianges, 
proportionate  to  the  intensity  and  duration  of  the  disease. 

The  following  additional  affections  of  a  secondaiy  nature  are 
found  :  atrophy  and  degeneration  of  peripheral  nerves  and  mus- 
cles, bed-sores  in  all  stages  and  situations,  chronic  cystitis,  etc., 
and  as  accidental  complications,  disease  of  any  of  the  internal 
organs.  ^ 

This  subject  is  not  quite  clear.  The  disease  has  not  been  suffi- 
ciently studied,  and,  besides,  is  almost  always  complicated  with 
some  other  affection. 

In  general  the  symptoms  must  be  the  same  as  those  of  the 
acute  form,  except  that  they  are  much  slower  and  less  violent  in 
development,  are  without  fever,  and  often  are  not  prominent  for 
a  long  time. 

When  the  disease  develops  from  the  acute  form,  the  violent 
symptoms  abate,  the  fever  disappears,  but  a  portion  of  the  symp- 
toms—of the  pain  and  stiffness,  the  weakness  and  abnormal  sen- 
sations—remains for  a  longer  time,  and,  gradually  developing, 
leads  to  an  unfortunate  condition  :  it  has  become  chronic  menin- 
gitis. 

In  many  cases  repeated  attacks  of  the  subacute  form  recur ; 
thus  tlie  disease  becomes  firmly  rooted,  the  intervals  between  the 
attacks  diminisli,  and  the  disease  assumes  a  regular  chronic  form. 

In  most  cases,  however,  the  disease  first  appears  in  the  chronic 
form  ;  the  beginning  is  quite  latent,  being,  at  least,  not  observed 
by  the  patient,  or  not  considered  of  any  special  importance. 

The  commencement  is  marked  by  occasional  abnormal  seiisa- 
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Hons  in  the  lower  limbs,  gradually  increasing  pain,  and  some 
stiffness  of  the  hack.  The  pain  of  the  back  increases,  but  is  usu- 
ally not  very  severe,  being  often  described  as  merely  a  sense  of 
drawing  and  pressure  in  the  back,  a  feeling  of  weight ;  it  is  not 
usually  increased  by  pressure  on  the  spinous  processes  or  tlie 
dorsal  muscles,  but  usually  is  made  worse  by  movements  of  the 
vertebral  column.  A  certain  stiffness  of  the  nape  of  the  neclc  is 
not  usual  in  the  early  stages. 

The  excentric  symptoms  in  the  trunk  and  limbs  which  follow 
are  striking  and  important.  Corresponding  with  the  seat  of  the 
disease  the  annoying  sensation  of  a  girdle  is  often  felt,  and  in 
the  same  region  shooting  and  boring  pains  may  occur,  especially 
if  provoked  by  movements.  In  the  limbs  a  feeling  of  great 
Jieamness  early  appears ;  in  the  skin  the  patients  speak  of  all 
kinds  of  'par(Bsthesi(E,  often  of  a  very  singular  character — tin- 
gling, cold,  formication,  and  the  like ;  these  are  very  often  ac- 
companied by  tearing  or  shooting  pains,  either  confined  to  the 
region  of  some  nerve- trunk,  or  else  changing  from  place  to  place. 
These  pains  are  exasperated  by  movement,  and  not  seldom  by 
change  of  weather,  dampness  and  fog,  snow-fall,  or  a  low  ba- 
rometer. Finally,  various  degrees  of  cutaneous  hyper (Bsthesia, 
not  so  marked  as  in  the  acute  form,  have  been  observed  not 
infrequently. 

All  these  excentric  symptoms  are  confined  to  the  distribution 
of  the  nerves  whose  roots  originate  in  the  part  chiefly  affected. 
They  may,  therefore,  be  most  marked  either  in  the  upper  or  in 
the  lower  extremities,  but  the  latter  is  the  more  usual  case. 

Symptoms  of  motor  irritation  are  of  subordinate  importance 
in  chronic  meningitis,  but  are  not  usually  absent.  A  degree  of 
stiffness  of  the  hacJc,  and  sometimes  of  the  neck,  is  almost  an 
invariable  symptom,  and  may  in  some  cases  become  severe. 
Trembling  of  the  extremities,  twitching  of  certain  muscles,  sud- 
den starting  of  the  body,  involuntary  drawing  up  or  extension 
of  the  limbs  are  not  rare. 

At  almost  any  period  in  the  subsequent  development  of  the 
disease  symptoms  of  increasing  loeaTcness,  going  on  to  full^^ara?- 
ysis,  become  prominent.  The  heaviness  and  weakness  of  the 
limbs  become  greater,  the  patient  loses  more  and  more  of  his 
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control  over  the  extremities,  symptoms  of  sensory  paresis,  of 
vesical  weakness,  of  disturbed  rectal  function  occur,  and  x>ara- 
plegia  develops,  by  degrees  increasing  in  degree  and  extent. 

This  paraplegia,  though  it  varies  much  in  different  cases,  is 
seldom  complete,  but  usually  comprises  only  a  very  severe  pare- 
sis ;  a  certain  fluctuation  in  the  intensity  of  the  paresis  seems  to 
be  rather  characteristic ;  the  patient  can  perform  this  or  that 
movement  better  on  one  day,  worse  on  the  next ;  it  is  thought 
that  this  fluctuation  is  connected  with  variations  in  the  amount 
of  fluid  exudation  in  the  spinal  canal,  or  the  fulness  of  the  circu- 
lation ;  if  the  spinal  fluid  is  excessive,  the  paralysis  increases 
when  the  patient  stands,  because  the  lower  parts  of  the  cord  are 
more  compressed,  while,  on  the  contrary,  passive  congestion  may 
cause  it  to  increase  while  the  patient  is  lying  on  his  back,  and 
when  standing  or  walking  he  is  better.  These  two  factors,  there- 
fore, act  in  contrary  directions. 

Severe  anaesthesia  is  rare  ;  there  is  usually  only  a  slight  dull- 
ing of  the  sensations  of  the  skin,  limited  to  the  soles,  feet,  and 
lower  part  of  the  legs.  These  disturbances  are  always  accom- 
panied by  marked  parsesthesiae,  not  seldom  mixed  with  hyper- 
sesthesia;  but  the  latter  is  usually  not  marked,  though  some 
reported  cases  give  the  impression  that  it  may  become  very 
severe. 

The  associated  paralysis  of  the  sphincters  increases,  and  in 
severe  cases  there  may  also  be  a  strongly  marked  atrophy  of  the 
muscles,  with  loss  of  electrical  excitability. 

The  disturbances  of  sensibility  increase,  the  reflex  function 
becomes  extinct,  bed-sores  and  cystitis  appear,  and  the  scene  is 
closed  by  marasmus. 

Disturbances  of  any  of  the  internal  organs  (of  respiration, 
circulation,  or  digestion)  are  very  common,  and  originate  in  the 
same  way  as  in  the  acute  form,  although  different  from  it  in 
degree. 

The  pathogenesis  of  the  symptoms  is  about  the  same  as  in  the 
acute  form  ;  perhaps  the  cord  is  still  more  likely  to  be  afl'ected 
than  in  the  latter.  We  can  refer  upon  this  point  to  what  lias 
been  said  under  Acute  Spinal  Meningitis. 

Course,  Duration,  ResulL—Tlim  disease  is  always  slow  and 
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chronic,  extending  to  months  and  years,  often  many  years.  The 
symptoms  often  fluctuate  considerably ;  intercurrent,  acute  ex- 
acerbations are  not  rare. 

Some  of  the  cases  recover ;  these  are  the  lightest,  and  those 
which  have  early  been  taken  in  hand.  The  return  to  health  is 
always  very  slow  and  gradual,  often  occurs  by  successive  steps, 
and  is  often  interrupted  by  relapses ;  the  sensory  disturbances 
are  usually  the  first  to  disappear,  and  the  motor  remain  the 
longest.  Even  when  recovery  is  complete  the  patient  usually 
remains  feeble  for  a  long  time,  with  a  tendency  to  relapse. 

The  cure  is  often  incomplete.  The  improvement  reaches  a 
certain  point,  all  symptoms  of  the  active  inflammatory  process 
disappear,  but  residua  and  sequelae  remain,  doubtless  due  to  the 
relics  of  exudations,  compression  of  the  roots  by  adhesions  and 
thickening,  cicatricial  sclerosis  in  the  cord,  etc.  In  this  category 
may  be  included  partial  or  complete  paralysis  of  single  mus- 
cles or  extremities,  with  or  without  atrophy,  circumscribed  anaes- 
thesia, weakness  of  the  bladder,  etc. 

The  cure  is  often  interrupted  by  repeated  relapses. 

In  a  great  proportion  of  the  cases  chronic  meningitis  leads 
directly  to  death.  The  processes  and  occurrences  which  may 
bring  this  to  pass  are  many ;  they  usually  include  the  symp- 
toms of  grave  spinal  paralysis — paraplegia,  vesical  palsy,  cys- 
titis, bed-sores,  with  consecutive  anaemia  and  liydraemia,  and,  at 
last,  general  marasmus.  In  other  cases,  the  sad  termination  is 
brought  about  by  the  extension  of  the  process  to  the  cervical 
region,  causing  progressive  difiiculty  in  breathing  and  degluti- 
tion, secondary  pneumonia,  etc.  In  yet  other  cases,  life  is 
speedily  brought  to  a  close  by  the  sudden  starting  into  activity 
of  an  acute  purulent  meningitis.  There  are  many  other  compli- 
cations and  accidents  which  may  hasten  the  fatal  termination  of 
chronic  meningitis. 

Diagnosis. 

Chronic  spinal  meningitis  is  often  hard  to  recognize,  because 
the  symptoms  remain  for  a  long  time  extremely  slight,  and,  taken 
as  a  whole,  present  an  incomplete  representation  of  the  disease, 
or  are  obscured  by  complications. 
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When  tlie  whole  of  the  symptoms  above  mentioned  are  pres- 
ent, we  shall  not  hesitate  long  about  the  diagnosis. 

The  only  difficulty  consists  in  distinguishing  between  the 
different  forms  of  chronic  myelitis,  and  this  difficulty  is  the 
greater,  as  the  two  diseases  are  so  often  combined  with  one 
another.  The  following  guide  is  offered  :  Pain  and  stiffness  in 
the  back,  general  pain  in  the  extremities,  extensive  symptoms 
referring  to  the  roots,  a  slight  degree  of  paralysis,  equably  dis- 
tributed, and  cliange  in  intensity  dependent  on  change  of  position 
of  body,  are  symptoms  which  speak  strongly  in  favor  of  menin- 
gitis. The  absence  of  increased  tendinous  reflex  actions,  of  obsti- 
nate contractures,  of  painful  muscular  jerkings,  may  be  inter- 
preted in  the  same  sense.  Myelitis  must  be  thought  of,  when 
severe  paralysis  and  anaesthesia  are  present,  the  pains  are  slight, 
the  tendinous  reflex  actions  are  exaggerated,  and  considerable 
contracture,  etc.,  is  present. 

If  there  is  palsy  with  great  atrophy,  without  any  disturbance 
of  sensibility  or  pain,  our  flrst  thought  must  be  of  myelitis  of 
the  anterior  gray  substance. 

From  tabes  dorsalis,  as  implying  the  sj'^mptoms  of  gray  de- 
generation of  the  posterior  columns,  chronic  spinal  meningitis  is 
very  easy  to  distinguish  ;  the  points  to  notice  are  the  character- 
istic lancinating  pains,  ataxia,  disturbances  of  muscular  sensi- 
bility, etc.  But  it  should  not  be  forgotten  that  both  diseases  are 
very  often  combined,  producing  a  mixed  group  of  symptoms. 

In  determining  the  nature  of  the  disease  which  causes  the 
spinal  meningitis,  we  are  guided  by  general  considerations.  The 
diagnosis  of  the  location  in  the  lumbar,  dorsal,  or  cervical  region 
has  already  been  mentioned. 

7/rQ-- 

Prognosis.  .  u  i  w  a  l 

The  disease  is  in  general  a  grave  one ;  a  cure  is  hard  to  ob- 
tain, especially  in  rather  old  and  tedious  cases.  But  improve- 
ment and  cure  have  occurred,  even  in  seemingly  hopeless  cases, 
so  that  the  prognosis  is  not  absolutely  bad,  even  in  severe  cases. 

We  may  always  remember  that  the  chronic  inflammation  of 
the  spinal  membranes  need  not  be  a  continuous  and  limitless 
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process;  that  it  is  very  susceptible  of  arrest  and  repair  ;  that  the 
possibility  of  repair  depends  essentially  upon  tlie  organization, 
calcification,  retraction,  which  may  have  taken  place  in  the  pro- 
ducts of  inflammation,  but  that,  even  after  these  have  taken 
place,  others  may  often  be  expected  in  the  course  of  time,  which 
give  rise  to  considerable  improvement  of  function. 

The  prognosis  may  be  made  by  taking  such  facts  into  ac- 
count, and  with  them  the  patient's  age,  constitution,  and  powers 
of  resistance,  state  of  nutrition,  the  causes,  and  the  possibility  of 
removing  them,  the  anatomical  changes  already  developed,  the 
intensity  of  the  symptoms,  the  results  of  treatment,  etc.  We 
must,  however,  avoid  indulging  in  too  great  hopes  of  curing  the 
disease. 

Treatment. 

The  causal  indication  is  the  first  to  be  attended  to.  To  avoid 
needless  repetition,  we  would  refer  to  the  given  list  of  causes, 
the  proper  remedies  for  which  are  easily  inferred ;  and  we  will 
in  this  place  only  emphasize  the  necessity  of  carefully  treating 
the  acute  form.  We  ought  always  to  try  to  cure  it  completely, 
should  observe  the  strictest  watch  during  convalescence,  should 
not  let  the  patient  return  too  soon  to  the  exertions  of  his  calling, 
should  guard  him  from  exposure  to  cold  and  other  injurious 
things  ;  by  these  precautions  many  cases  of  chronic  spinal  men- 
ingitis might  be  prevented. 

In  the  treatment  of  the  disease  when  developed,  antiphlogo- 
sis  is  to  be  used  very  sparingly.  We  shall  seldom  effect  much 
by  bloodletting,  energetic  derivation  to  the  intestine,  etc.,  in 
such  a  chronic  disease  as  the  j^resent.  Yet  there  are  cases  in 
which  these  remedies  deserve  a  trial.  In  robust,  well-nourished 
persons,  when  the  symptoms  are  rather  decided,  the  pain  of  the 
back  severe,  etc.,  it  will  be  suitable  to  apply  every  week  or  two 
from  ten  to  fourteen  moist  cups  along  the  spine  ;  for  feeble  pa- 
tients the  apjilication  will  be  restricted  to  dry  cups  once  or  twice 
a  week.  Similar  principles  and  special  indications  (as  habitual 
constipation,  hemorrhoids,  etc.)  will  guide  us  in  the  use  of  pur- 
gatives. 
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Derwation  to  the  sMn  is  praised  by  almost  all  writers.  Noth- 
ing seems  more  suitable  for  such  cases  than  the  repeated  appli- 
cation of  large  blisters  to  the  back.  Brown- Sequard  advises  to 
do  this  every  fortnight.  The  mild  derivatives  (sinapisms,  pus- 
tulating ointments,  friction  with  oil  of  turpentine  and  croton 
oil,  painting  with  iodine,  etc.)  may  be  used  in  light  cases  and 
for  the  sake  of  change.  The  moxa  or  white-hot  iron  (burning  in 
streaks  along  the  spine)  will  be  used  only  in  severe  and  desj)erate 
cases. 

Of  the  drugs,  the  most  justly  celebrated  is  iodide  of  potas- 
sium ;  it  is  given  for  a  considerable  time  in  the  usual  doses.  It 
will  be  best  to  abstain  from  mercury  in  these  chronic  cases, 
unless  syphilis  exists.  Nothing  remarkable  is  to  be  expected 
from  ergotin  and  belladonna.  If  we  have  cause  to  suspect  the 
existence  of  an  abundant  serous  exudation,  we  may  emplo}^  diu- 
retics. 

In  many  cases  warmth  seems  extremely  useful ;  warm  gar- 
ments, furs,  and  the  like,  warm  wraps,  frictions  with  warm  oil, 
etc.,  are  praised. 

Upon  this  fact  seems  to  depend  in  part  the  unquestionable 
advantage  of  hatlis,  which  have  eifected  many  notorious  cures  in 
chronic  spinal  meningitis.  Warm  baths  of  all  sorts,  indifferent 
and  brine-baths,  gaseous  brine-baths  and  chalybeate-baths,  etc., 
may  here  be  used.  Braun,  who  has  examined  this  point  with 
care,  states  the  rule  for  using  them  as  follows :  the  baths  should 
in  general  be  protracted ;  the  more  indifferent  the  spring,  the 
longer  may  be  the  duration ;  the  more  abounding  in  salts  and 
carbonic  acid,  the  more  should  the  bath  be  shortened.  The  tem- 
perature should  at  first  be  very  carefully  regulated ;  if  myelitic 
complications  exist,  the  higher  degrees  should  be  avoided,  but  in 
pure  meningitis  they  seem  the  best  borne,  which  may  account 
for  that  dangerous  credit  which  many  warm  springs  have  ac- 
quired in  spinal  paralysis.  An  enlightened  diagnosis  should  be 
invoked  in  support  of  such  treatment. 

In  very  obstinate  cases  we  may  try  vigorous  cold-water  treat- 
ment, especially  the  wet  pack,  alternate  cokl  and  warm  douches 
on  the  back,  moor-haths,  and  hot  sand-haihs. 

Of  the  effect  of  the  galvanic  current  in  chronic  spinal  menin- 
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gitis,  we  do  not  yet  possess  full  information.  It  is  extremely- 
probable,  a  'priori,  that  the  catalytic  effect  of  the  current  will  be 
strikingly  useful  in  this  disease.  An  observation  by  Hitzig* 
seems  to  confirm  this  most  clearly  ;  the  result  was  obtained  by 
using  descending  stabile  currents.  My  own  experience  in  the 
matter  is  also  very  favorable,  but  my  observations  are  too  few  in 
number  to  render  a  final  decision  possible.  A  trial  of  galvanic 
treatment  (chiefly  by  stabile  currents  to  the  spine,  with  succes- 
sive action  of  both  poles)  is  certainly  always  indicated,  and  may 
very  well  be  conjoined  with  the  use  of  baths. 

Much  can  also  be  done  to  relieve  symptovis.  For  pain,  the 
usual  sedatives;  for  paralyses,  anaesthesia,  atrophy,  etc.,  elec- 
tricity ;  for  weakness  of  the  bladder,  ergot,  nux  vomica,  elec- 
tricity; for  ansemia  and  cachexia,  tonics,  iron,  quinia,  strength- 
ening diet,  a  little  wine,  etc.  The  diet  must  be  mostly  tonic, 
adapted  to  promote  and  hasten  the  change  of  tissue.  The  habits 
are  to  be  governed  by  the  patient's  condition  and  circumstances, 
and  may  be  regulated  by  the  general  directions  given  at  page  196 
et  seq. 

In  all  cases,  after  a  cure  has  been  attained,  it  is  absolutely 
necessary  to  maintain  a  long  watch  over  the  health  and  habits  in 
all  respects.  For  a  subsequent  treatment,  many  cases  will  be 
benefited  by  electricity,  cold-water  cures,  a  mountain  climate, 
and  the  milder  sea-baths. 

5.  Tumors  of  the  Spinal  Membranes. 

Ollivier,  loc.  cit.  3d  ed.  p.  517. — Grwceilhier,  Anatomic  pathol.  livraison.  XXXII. 
pi.  1.  XXXV.  pi.  YI.—Hasse,  loc.  cit.  2.  Aufl.  p.  Rosenthal,  loc.  cit.  2. 

Aufl.  p.  346. — Hammond,  loc.  cit.  3d  edition,  p.  517. — Leyden,  loc.  cit.  I.  p. 
UZ.—  Virchow,  Geschwiilste.  I.  pp.  386,  423,  514;  II.  pp.  92,  120,  345,  354, 
461. — Charcot,  Legons  sur  les  mal.  du  syst.  nerv.  II.  S€r.  11.  fasc.  Paris.  1873. 
• — Jaccoud,  Les  parapldgies  et  I'ataxie  du  mouv.  Paris.  1864.  p.  236. — Brown- 
Sequard,  Lectures  on  Paralysis  of  the  Lower  Extremities,  etc.  1861.  p.  92. 

Athol  Johnson,  Fatty  Tumour  Connected  with  the  Interior,  etc.  Brit.  Med.  Journ. 
1857. —  Vircliow,  Bcisartige,  zum  Theil  in  der  Form  des  Neuroms  auftretcnde 
Fettgeschwiilste.  Virch.  Arch.  1857.  XL  p.  2S\.—Traiihe,  Fiinf  Fiille  von 
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Kuckenmarkskrnnkheitcn.  CharitC-Annalen.  IX.  18C1.  (Gesamni.  Abliandl. 
n.  b.  p.  994.) — W/iipham,  Tumour  of  the  Spinal  Dura  Mater,  Resembling 
Psammoma,  etc.  Trans.  Path.  Soc.  XXIV.  1873.  p.  l^.—Benj.  Bell,  Tumour 
of  the  Pia  Mater,  etc.  (fibro-nucleated  growth).  Edinb.  Med.  Journ.  Oct.,  1857. 
p.  331. — Loexcenfeld,  Faserig.  Sarkom  an  d.  Wurz.  der  zwei  ersten  Sacralnerven 
links.  Wiener  med.  Prcsse.  1873.  No.  31. — L.  Benjamin,  Neurom  iunerhalb  der 
Ruckeumarkshiiute.  Virch.  Arch.  1857.  XI.  p.  87.  —  SeiU,  Pseudoplasma 
meduU.  spin.  Deutsche  Klinik.  1853.  No.  37. — Charcot,  H^miiDaraplSgie  dCter- 
minGe  par  une  tumeur,  etc.  Arch,  de  Phys.  1869.  II.  p.  291. — Baierlacher,  Zur 
Syniptomatologie  der  Geschwiilsto  am  R,-M.  Deutsche  Klinik.  1860.  No.  31. — 
Meschecle,  Sarkom  am  R.-M.  Ibid.  1873.  No.  32. — 2'A.  Simon,  Tumor  im  Sack 
der  Dura  spinal.,  die  Cauda  comprim.,  etc.  Arch.  f.  Psych,  u,  Nervenkr.  V. 
p.  114.  1874. — 5i'?no7J,  Paraplegia  dolorosa.  Berl.  klin.  Wochenschr.  1870.  Nos. 
35  and  36. — Damine,  Traite  des  entozoaires,  etc.  Paris.  1860.  p.  666. — Bar- 
tels,  Ecliinoc.  iunerhalb  des  Sacks  der  Dura  spin.  Deutschcs  Archiv.  f.  klin. 
Med.  V.  p.  108.  1869. — Behier,  Compress,  de  la  moBlle  Cpin.  par  un  kyste  hy- 
datique.  Arch.  ggn.  Mars.  1875.  p.  340. —  ITesipAaZ,  Cysticerkeu  des  Gehims  und 
R.-M.  Bcrl.  klin.  Wochenschr.  1865.  No.  43. 

Of  the  new  formations  witliin  the  spinal  canal,  the  most 
important  and  frequent  are  those  proceeding  from  the  spinal 
meninges. 

They  mostly  originate  in  the  dura,  and  develop  upon  its  outer 
or  inner  surface ;  many  new  formations,  however,  spring  from 
the  arachnoid  or  pia,  and  remain  limited  to  these  membranes. 
The  latter  are  not  always  the  point  of  origin  ;  neoplasms  arising 
from  the  neighboring  parts  often  extend  to  the  membranes,  in- 
volve them  in  a  secondary  way,  and  then  produce  effects  like 
tliose  of  primary  meningeal  tumors. 

It  results  from  the  narrowness  of  the  space  within  the  canal 
that  the  tumors  usually  found  are  of  inconsiderable  size,  but 
that  they  very  soon  begin  to  awaken  the  most  active  disturb- 
ances through  irritation  and  compression  of  important  intra- 
spinal tissues. 

Most  of  the  tumors  reach  only  the  length  of  two  to  four  centi- 
metres, rarely  that  of  eight  to  ten,  within  the  canal ;  their  thick- 
ness is  from  one  to  three  centimetres.  Of  course,  secondary 
tumors,  and  such  as  send  out  branches  through  natural  or  arti- 
ficial foramina  in  the  spinal  column,  may  reach  a  much  larger 
size. 

The  form  is  usually  oval,  that  of  an  olive,  or  something  so ; 
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the  rate  and  direction  of  their  growth,  and  hence  also  the  general 
character  of  the  symptoms,  depend  chiefly  upon  the  nature  of 
the  tumor.  It  is  said  to  have  been  observed  that  such  tumors 
assume  a  more  vigorous  growth  during  pregnancy. 

In  enumerating  meningeal  tumors,  we  shall  for  practical  rea- 
sons not  limit  ourselves  to  new  formations  in  the  stricter  sense, 
but  shall  add  many  things  which  have  the  same  clinical  signifi- 
cance, as  inflammatory  new  formations  in  the  shape  of  tumors, 
animal  parasites  in  the  canal,  etc. 

Pathological  Anatomy. 

The  exact  histological  diagnosis  of  many  intra-spinal  tumors 
is  far  from  satisfactory.  It  is  especially  hard  to  make  out  in 
older  observations  to  which  of  the  present  categories  of  new 
formations  we  ought  to  assign  them.  The  observations  of  the 
last  ten  years,  though  not  very  numerous,  show  the  existence  of 
the  following  forms  of  tumors  in  the  spinal  meninges  : 

Fibroma  and  fibro-sarcoma. —  Usually  small  oval  tumors, 
three  to  five  centimetres  long,  two  to  four  thick,  springing  from 
the  dura  or  the  pia,  and  situated  now  within,  now  without  the 
sac  of  the  dura.  They  consist  of  connective  tissue,  with  more  or 
less  abundant  cells,  spindle-cells,  round  cells  (transition  to  sar- 
coma). 

Sarcoma. — Occurring  in  all  possible  forms,  as  hard  and  soft, 
fibrous,  or  cellular  ;  often  with  formation  of  cysts,  cj'-sto-sarcoma 
(observations  of  Baierlacher,  Leyden,  and  others).  Originates 
more  rarely  from  the  dura,  more  frequently  from  the  soft  mem- 
branes ;  is  more  usually  of  a  longish  shape  ;  not  seldom  lobular, 
with  a  nodulated  surface ;  considerable  vascularity,  and  the  usual 
histological  characteristics  of  sarcomatous  new  formation.' 

Myxoma  has  been  found  by  Virchow,  Traube,  and  others  in 
the  spinal  meninges.  It  originates  almost  exclusively  from  the 
arachnoid  or  the  pia,  and  is  a  soft,  juicy,  lobulated  tumor  of 
moderate  size  and  pale  color.  It  may  be  pure  ;  more  frequently 
it  is  a  mixed  product,  a  lipomatous  or  sarcomatous  myxoma,  etc. 


'  See  Virchow,  Geschwiilste.  II. 
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To  the  same  series  of  new  formations  belongs  psammoma, 
found  by  Wliipham,  Cayley,  Charcot,  Bouchard,  and  others — a 
sarcoma  with  granular  concretions  of  lime  imbedded  in  it.  Usu- 
ally a  small  roundish  or  olive-shaped,  smooth  or  lobed  tumor,  in 
most  cases  originating  from  the  soft  membranes. 

Lipomata  have  repeatedly  been  found  in  the  vertebral  canal, 
either  caused  by  proliferation  of  the  perimeningeal  fatty  tissue 
(Athol  Johnson,  Obre,  Virchow),  when  it  is  situated  outside  of 
the  sac  of  the  dura,  or  originating  from  the  soft  membranes,  and 
situated  within  the  sac  of  the  dura. 

An  mcliondroma  as  big  as  a  hazel-nut,  firmly  adherent  to  the 
dura  and  the  connected  vertebra,  has  once  been  found  by  Vir- 
chow, and  declared  to  be  probably  congenital. 

Osteoma,  the  formation  of  new  bone,  in  the  form  of  the  so- 
called  cartilaginous  disks,  is  extremely  common  in  the  arachnoid, 
but  in  this  form  cannot  be  considered  a  tumor,  and  has  no  clini- 
cal importance.  Ossification  of  the  dura  also  occurs  only  in  the 
diffuse  form. 

Multiple  fibrous  melanoma  has  been  seen  in  the  spinal  canal 
by  Virchow  and  Sander. 

The  name  of  neuroma  has  been  given  to  many  new  formations 
occurring  in  the  spinal  canal,  on  the  nei-ve-roots,  especially  on 
the  Cauda  equina  (Benjamin,  Virchow).  These  are  mostly  the 
so-called  false  neuromata,  and  occur  either  singly  or  in  numbers. ' 

Carcinom,a  proper  seems  very  rarely  to  spring  from  the  spinal 
membranes  ;  I,  at  least,  have  had  knowledge  of  no  unquestioned 
case  of  primary  carcinoma  of  this  region,  excepting  the  older 
and  less  reliable  observations  of  "fungous"  or  "caiicerous" 
growths.  The  tumors  are  almost  always  secondarily  developed 
by  extension  from  the  vertebrae  or  other  neighboring  parts,  or  by 
metastasis  from  other  organs.  Such  secondary  carcinomata  not 
seldom  appear  in  the  vertebrae,  in  consequence  of  primary  cancer 
of  the  breast. 

We  have  spoken  under  meningitis  of  the  formation  of  miliary 
tubercle  in  the  membranes  of  the  cord. 

With  these  are  associated  the  tumors  lohicJi  originate  in 


'  See  Vol.  XI.  p.  599  et  seq. 
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inflammatory^  Jiemorrliagic,  and  other  processes  in  the  spinal 
membranes  or  tlie  neighboring  parts.  Such  are  peripachymenin- 
gitic  exudations,  with  or  witliout  caries  of  the  vertebrae,  those 
hard,  circumscribed  growths,  of  a  purulent  or  caseous  nature, 
of  which  we  have  before  spoken,  and  which  are  so  common  in 
Pott's  disease  ;  also  the  greenish-yellow,  bacony,  scrofulous  exu- 
dations between  the  dura  and  the  vertebral  column  ;  and  the 
lisematoma  of  the  dura  mater,  originating  in  pachymeningitis 
interna  hsemorrhagica. 

The  sypJiilomata  which  are  occasionally  found  in  the  spinal 
membranes  are  of  a  somewhat  similar  nature  (Wilks,  Virchow). 
They  have  been  little  studied  ;  they  usually  consist  of  gummata 
of  the  dura  or  the  pia. 

Finally,  we  have  to  speak  of  the  parasitic  new  growths  which 
occur  (though  rarely)  in  the  spinal  canal. 

Cysticercus  cellulosce  has  been  found  once  by  Westphal  in 
the  sac  of  the  dura ;  there  Avere  numerous  cysts  in  the  lumbar 
23ortion,  some  free  in  the  fluid,  some  firmly  enclosed  in  the  meshes 
of  the  arachnoid  ;  a  few  also  in  the  thoracic  and  cervical  portions. 
Numerous  cysts  in  the  brain.  Only  one  of  them  contained  a 
head.  Clinical  symj^toms  referred  to  the  spine  had  been  present. 

EcMnococcus  has  been  found  more  frequently  (thirteen  times 
in  all)  by  Davaine,  Cruveilliier,  Lebert,  Foerster,  Rosenthal, 
Bartels,  etc.  The  development  of  most  of  the  cysts  took  place 
externally  to  the  dura,  and  often  led  to  considerable  tumors  out- 
side of  the  vertebral  canal.  In  only  two  cases  (Esquirol  and 
Bartels)  did  they  develop  within  the  sac  of  the  dura.  They 
differ  in  size,  and  present  the  usual  characteristics  of  colonies  of 
echinococcus. 

With  this  we  close  our  enumeration — perhaps  an  imperfect 
one. 

Respecting  the  seat  of  meningeal  tumors,  we  need  not  add 
much.  They  may  occur  at  any  part  of  the  canal,  may  compress 
the  cord  in  front,  behind,  or  at  the  side,  may  include  various 
numbers  of  pairs  of  nerve-roots,  etc.  Each  case  will  differ  in 
these  respects,  but  one  thing  is  tolerably  important  and  charac- 
teristic, namely,  that  the  disease  always  occupies  a  quite  limited 
and  definite  locality. 
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But,  for  tlie  purpose  of  understanding  the  clinical  symptoms 
and  the  entire  course  of  the  disease,  it  is  of  much  importance  to 
attend  to  the  consecuihe  changes  which  always,  though  in  vary- 
ing degree,  accompany  the  formation  of  tumors  in  the  spinal 
canal. 

The  nerve-roots  in  the  region  of  the  tumor  are  sometimes 
found  swollen,  reddened,  softened  by  inflammation,  sometimes 
thin,  flat,  grayish  and  translucent,  atrophied  and  degenerated, 
according  to  the  duration  and  extent  of  the  process. 

The  cord  itself  always  experiences  some  degree  of  compres- 
sion, which  may  change  it  to  a  flat,  ribbon-shaped  string,  or,  at 
least,  produces  a  local  indentation,  more  or  less  deep.  Simple 
atrophy  of  the  portion  compressed  is  seldom  the  only  change. 
It  is  much  more  common  to  And  at  the  compressed  point  marked 
inflammatory  symptoms  {myelitis from  compression),  which  can 
be  followed  but  a  short  distance  upward,  and  often  a  good  way 
downward.  The  medulla  is  in  a  state  of  whitish  or  reddish  soft- 
ening, is  full  of  small  hemorrhages,  and  exhibits  under  the  mi-, 
croscope  many  granular  corpuscles  amid  the  debris  of  nerve- 
elements.  This  change  continues  to  a  variable  distance  down- 
wards in  the  white  substance,  and  more  especially  in  the  gray 
also.  Cruveilliier  once  found  the  whole  peripheral  portion  of 
the  cord  in  a  state  of  purulent  degeneration. 

The  examination  of  the  hardened  cord  in  these  cases  regularly 
shows  secondary  degeneration,  ascending  in  the  posterior  col- 
umns, and  descending  in  the  posterolateral  (see  farther  on,  II., 
No.  19).  Simon  has  also  found  this  ascending  degeneration  in  a 
tumor  of  the  cauda  equina. 

In  the  membranes  of  the  cord  we  almost  invariably  find  signs 
of  chronic  inflammation  (thickening,  opacity,  pigmentation,  hy- 
persemia,  etc.)  of  various  extent.  In  correspondence  with  this, 
an  increase  of  the  spinal  fluid  (hydrorrhachis)  is  pretty  constant. 

In  the  periplieral  nerves  and  muscles,  degenerative  atrophy 
is  not  rare ;  usually  in  those  nerve-districts  whose  roots  are  either 
directly  included  in  the  new  formation,  or  are  directly  connected 
with  degenerated  portions  of  the  gray  substance. 

Such  further  alterations  as  are  found  on  tlie  bodies  of  those 
dead  of  meningeal  tumors— bed-sores,  cystitis,  extreme  maras- 
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mus,  changes  of  internal  organs,  etc. — will  be  described  here- 
after 

Etiology. 

The  causes  of  meningeal  tumors  are  usually  obscure.  It 
seems  to  be  established  that  surgical  injuries  are  the  most  likely 
to  produce  them  ;  cases  have  been  observed  where  the  first  symp- 
toms occurred  after  a  fall  or  blow  upon  the  back,  or  spine,  etc. 

Exposure  to  cold  has  been  assigned  as  the  cause  of  the  dis- 
ease in  a  number  of  cases,  and,  as  it  seems,  with  sufficient  reason. 

It  is  remarkable  how  often  it  is  recorded  that  the  first  symp- 
toms appeared  during  childbed,  shortly  after  delivery. 

Observations  by  Cruveilliier  and  Kohts  render  it  probable  that 
excessive  mental  excitement,  violent  frigid,  may  give  the  impulse 
to  the  formation  of  meningeal  tumors. 

Finally,  nertehral  disease,  the  tuberculous  and  scrofulous 
diathesis,  and  syphilis,  are  among  the  causes  of  meningeal  tu- 
j  mors,  as  follows  from  the  preceding  enumeration  of  the  forms. 
The  entrance  of  animal  parasites  is  effected  in  the  usual  way  by 
swallowing  the  eggs,  or  the  proglottides  of  the  various  species 
of  tape-worm. 

It  is  seen  that  these  scanty  facts  leave  a  large  part  of  the  eti- 
ology of  meningeal  tumors  in  obscurity. 

iRP.ICAL  S'.^CIETY  Symptoms. 

The  general  outline  of  the  symptoms  usually  caused  by  me- 
ningeal tumors  may  be  drawn  in  a  few  words. 

If  the  disease  begins  (as  it  often  does)  quite  in  a  latent  and 
insidious  way,  the  development  of  the  tumor  is  usually  first  in- 
dicated by  the  presence  of  pain  in  certain  nerve-districts,  which 
increases  in  severity.  Abnormal  sensations  in  the  trunk  (feel- 
ing of  a  girdle)  and  the  extremities,  parcBsthesicB,  ancesthesice, 
partial  paralyses,  are  associated  with  the  above — all  at  first 
localized  in  the  same  nerve-districts.  Painful  stiffness  of  a 
definite  portion  of  the  spine  indicates  more  directly  the  seat  of 
disease. 

After  a  period  of  various  length,  often  after  years,  paraplegia 
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follows,  and  increases ;  it  begins  as  a  progressive  paresis,  often 
unilateral,  like  Brown-Sequard's  palsy,  but  usually  making 
rapid  progress  across  the  body,  and  ending  with  absolute  sensory 
and  motor  paralysis.  The  disease  rarely  remains  stationary  at  a 
l^oint  of  moderate  severity,  but  usually  goes  on  to  extremes ;  and 
after  great  suffering,  attended  by  all  the  horrible  circumstances 
of  the  severest  spinal  paralysis,  palsy  of  the  bladder  and  rectum, 
cystitis,  extensive  bed-sores,  general  marasmus,  etc.,  the  patient 
is  brought  to  a  miserable  end. 

Although  the  individual  features  of  this  sketch  are  by  no 
means  characteristic  of  meningeal  tumors  when  taken  separately, 
yet,  when  considered  as  a  whole,  they  often  enable  us  to  recog- 
nize and  to  localize  the  disease  with  some  accuracy. 

Upon  closer  consideration  we  find  two  groups  of  symptoms, 
distinguishable  both  by  their  succession  in  time  and  by  their 
pathogenetic  significance.    These  are  : 

1.  Symptoms  of  local  irritation  and  compression  of  tJie  nerve- 
roots  and  the  membranes  first  involved  in  the  tumor. 

2.  Symptoms  of  irritation  and  compression  of  the  cord  itself 
and  of  consecutive  myelitis  {myelitis  by  compression). 

Those  of  the  first  group  are  the  earliest,  and  often  precede  the 
paraplegia  by  months  and  years ;  their  character  of  course  dif- 
fers in  each  case  according  to  the  location,  direction  of  growth, 
and  rate  of  growth  of  the  tumor ;  so  that  no  exhaustive  state- 
ment can  be  made.  But  the  numerous  varieties  may  be  inferred 
from  the  general  scheme.  All  these  symptoms  arise  from  irrita- 
tion or  compression  of  the  nerve-roots,  from  consecutive  irritation 
of  the  meninges,  and,  to  some  extent  no  doubt,  from  commencing 
irritation  of  the  cord  itself. 

Violent  pains  are  next  observed,  the  lancinating,  tearing, 
boring  character  of  which  proves  their  excentric  origin.  They 
may  remain  confined  to  a  single  point,  or  attack  a  single  nerve- 
trunk  ;  hence,  according  to  the  seat  of  the  disease,  they  either 
surround  the  trunk  like  a  girdle  at  various  levels,  or  invade  the 
upper  or  lower  extremities,  of  one  side  or  both.  They  may  ex- 
tend suddenly  or  by  degrees  to  neighboring  nerve-districts,  are 
often  increased  by  movement  of  the  spinal  column,  and  seem  to 
be  made  worse  by  sudden  changes  of  weather  (Bell).  These 
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Bymptoms  are  so  intimately  associated  with  those  of  compression 
of  the  cord  by  tumors,  that  Cruveilhier  distinguished  paraplegia 
dolorosa,  due  to  compression  of  the  cord,  from  paraplegia  non 
dolorosa,  caused  by  primary  disease  of  the  cord. 

Par(BstJiesi(B  also  occur,  corresponding  to  the  extent  of  the 
pains— the  sensations  of  tingling,  formication,  numbness,  dead- 
ness,  etc.,  either  in  the  form  of  a  girdle  or  limited  to  certain 
regions  of  the  extremities. 

If  motor  roots  are  first  exposed  to  the  influence  of  the  tumor, 
separate  muscular  twitcMngs,  spasms,  may  appear  at  the  be- 
ginning. 

These  symptoms  of  irritation  are  almost  always  accompanied 
by  distinct,  sometimes  very  active  pain  in  the  hack,  localized  in 
the  neighborhood  of  the  tumor,  and  usuall}^  accompanied  by  a 
local  stiffness  of  the  spine.  Leyden  points  out  the  fact  that  the 
movement  of  the  spinal  column  is  often  difiicult  and  painful  in  a 
certain  direction,  because  this  motion  brings  a  greater  pressure 
upon  the  tumor. 

In  the  further  course  of  the  disease  symptoms  of  paralysis 
appear  sooner  or  later,  corresponding  to  the  locality  of  the  dis- 
ease ;  circumscript  anaesthesia,  often  coinciding  with  the  distri- 
bution of  nerves  which  are  esjDecially  painful  (anjesthesia  dolo- 
rosa), local  paralyses  and  pareses  of  the  corresponding  muscular 
groups,  atrophy,  etc.,  compose  an  extremely  complicated  and 
varied  group  of  initial  symptoms. 

It  needs  only  to  be  indicated  how  various  are  the  phenomena 
of  this  first  group  in  connection  with  different  seats  of  disease ; 
how  when  the  cervical  region  is  the  part  attacked,  for  example, 
one  upper  extremity  may  first  be  seized  by  pains,  paraesthesise, 
partial  palsy  and  atrophy,  before  the  symptoms  of  compression 
of  the  cord  appear ;  how,  when  it  is  the  dorsal  region,  the  dis- 
ease will  be  introduced  by  intercostal  neuralgias,  paroxysms  of 
visceral  pain,  zoster,  etc. ;  how,  finally,  when  the  lumbar  region 
is  involved,  all  the  above  disorders  may  appear,  now  in  the  dis- 
trict of  the  sacral,  now  in  that  of  the  lumbar  plexus,  and  put  on 
a  great  diversity  of  form,  -  Numerous  and  instructive  examples 
of  this  are  upon  record. 

When  the  symptoms  of  the  first  group  have  existed  for  an 
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uncertain  length  of  time  (weeks,  months,  often  several  years), 
they  are  succeeded  by  symptoms  of  the  second  group,  derived 
from  the  continuous  pressure  upon  the  cord,  and  usually  from 
myelitis  also  (which  hardly  ever  fails  to  be  present) ;  these  be- 
come more  and  more  distinct,  and  change  the  scene  in  a  very 
disagreeable  way. 

The  development  may  be  rapid  or  slow;  it  often  occurs  with 
almost  suddenness  in  a  few  hours,  and  in  such  case  is  nearly 
always  due  to  secondary  myelitis,  as  it  is  seldom  we  can  suppose 
so  rapid  an  increase  of  the  pressure  of  a  tumor.  The  compres- 
sion is  often  limited  at  first  to  one  lateral  half  of  the  cord,  which 
may  give  rise  to  the  characteristic  symptoms  of  Brown- Sequard's 
hemiplegic  lesion  (paralysis  of  the  side  of  compression,  anes- 
thesia on  the  opposite  side  ;  see  the  section  on  Unilateral  Lesion, 
II.,  No.  14.)  for  a  longer  or  shorter  time.  Or  the  compression 
may  occur  on  the  anterior  or  the  posterior  surface  of  the  cord, 
the  result  of  which  is,  that  in  the  former  case  the  motor  phenom- 
ena, in  the  latter  the  sensory,  not  only  preponderate,  but  often 
are  exclusively  present  for  a  time. 

After  a  variable  time,  the  palsy  invades  all  the  paths  in  the 
portion  of  the  cord  adjoining  the  tumor,  and  we  have  the  symp- 
toms of  extreme  compression  of  the  cord.  We  shall  describe 
them  fully  in  the  section  on  "Compression  of  the  Cord"  (see 
farther  on,  II.,  No.  5),  and  will  therefore  mention  here  onl}^  the 
most  important  in  order  to  complete  the  description,  referring 
for  all  details  to  that  section. 

First  of  all  there  is  severe  paraplegia;  motility  and  sensi- 
bility more  or  less  completely  paralyzed,  up  to  the  level  cor- 
responding to  the  seat  of  the  tumor;  the  limitation  of  these 
paralytic  symptoms  upwards  is  variously  strict.  The  bladder  is 
paralyzed  ;  at  first  the  symptoms  of  retention  are  prominent,  and 
later  those  of  incontinence,  with  continuous  dribbling.  The 
sphincter  ani  is  also  paralyzed. 

Violent  pains  in  the  parts  below  the  seat  of  lesion  usually 
follow.  Although  the  doctrines  of  physiology  are  opposed  to 
the  supposition  that  such  excentric  pains  could  originate  in  com- 
pression or  irritation  of  the  cord  itself,  yet  many  observations  (as 
those  of  Whipham,  Leyden,  Brown-Sequard)  show  that  violent 
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pain  of  tliat  kind  in  the  legs  may  be  caused  by  tumors  seated  in 
the  upper  dorsal  or  the  cervical  region.  It  is  certain  that  in 
most  cases  the  palsied  parts  are  at  times  the  seat  of  very  severe 
pains,  perhaps  due  to  secondary  myelitis. 

In  the  motor  apparatus  also,  the  symptoms  of  irritation  do 
not  fail  to  accompany  those  of  complete  palsy  ;  muscular  twitch- 
ings,  spasms,  and  contractions — at  first  temporary,  then  perma- 
nent— occur,  while  the  muscles,  at  first  quite  relaxed,  become  by 
degrees  tense  and  rigid  (secondary  degeneration  of  tlie  lateral 
columns). 

In  many  cases  there  is  a  remarkable  increase  of  reflex  actions. 
Slight  cutaneous  irritation  produces  free  and  vigorous  muscular 
contractions,  powerful  flexion  or  extension,  active  clonic  tremor, 
more  marked  in  the  lower  extremities,  especially  when  the  tumor 
is  seated  at  an  elevated  point.  If,  however,  the  gray  substance 
is  compressed  by  the  tumor  (when  located  in  the  lumbar  region), 
the  reflex  actions  are  wholly  wanting.  The  same  is  the  case 
when  the  gray  substance  is  dej)rived  of  its  functions  by  second- 
ary descending  myelitis.  For  this  reason,  in  the  later  stages,  we 
often  see  the  reflex  actimty  diminis7i  and  disappear,  when  pre- 
viously it  had  been  exaggerated.  The  tendinous  reflex  acts  also 
seem  considerably  increased. 

The  nutrition  of  the  muscles  is  alfected  in  nearly  the  same 
way ;  at  first  it  is  well  kept  up,  but  afterwards  severe  atrophy 
appears.  The  electrical  reaction  behaves  in  the  same  way ;  at 
first  well  preserved,  it  may  afterwards  sink  and  disappear. 

Paralysis  of  the  bladder  may  lead,  after  a  while,  to  cystitis^ 
with  ammoniacal  decomposition  of  the  urine  and  the  presence 
of  abundant  pus.  The  absolute  immobility  of  the  patient,  who 
is  almost  always  forced  to  retain  the  dorsal  decubitus,  and  the 
frequent  befouling  of  his  person  with  urine  and  fa3ces,  etc.,  give 
rise  to  gangrenous  hed-sores  on  the  sacrum  and  buttocks,  tro- 
chanters, heels,  etc.,  which  often  make  unchecked  progress  and 
produce  the  most  shocking  destruction. 

Chills,  with  very  high  temperature — a  more  or  less  continuous 
fetier — appear.  This,  and  the  loss  of  fluids  caused  by  the  suppu- 
rating sores,  and  the  loss  of  sleep  and  appetite  from  continual  pain 
and  abnormal  sensation,  continually  increase  the  jpatient' s  anaemia 
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and  cachexia,  and  cause  a  marasmus  which  of  itself  is  sufficient 
to  produce  the  fatal  result.  Death  usually  occurs  in  a  state  of 
sopor,  with  a  rising  temperature,  and  often  after  a  very  pio- 
longed  agony.  In  other  cases  the  patient's  sufferings  are  .brought 
to  an  end  by  bronchial  catarrh  or  pneumonia,  or  an  acute  menin- 
gitis caused  by  bed-sores,  or  other  diseases. 

According  to  the  seat  of  the  tumor,  the  rapidity  of  its  growth, 
the  patient's  power  of  resistance,  the  sequence  of  these  symp- 
toms may  be  rapid  or  slow.  If  the  seat  is  high  in  the  cervical 
region  the  course  is  usually  very  rapid,  paralysis  of  the  respira- 
tory nerves  producing  early  death  by  suffocation. 

Course,  Duration,  Termination. — The  course  is  usually  slow 
and  insidious,  especially  at  the  beginning,  and  the  first  period  of 
the  disease  may  last  several  years.  With  the  occurrence  of 
paraplegia  the  second  period  commences  ;  this  often  comes  on 
rather  quickly,  in  a  few  days  or  one  or  two  weeks,  but  may 
require  a  much  longer  time.  In  a  few  cases  it  is  effected  quite 
suddenly,  and  is  then  usually  dependent  on  myelitis — as  in  a 
case  by  OUivier,  in  which  advanced  softening  was  found  after 
death. 

After  paraplegia  has  appeared  the  progress  is  usually  more 
rapid,  but  even  at  this  point  years  may  pass  before  death  occurs. 
This,  of  course,  depends  on  the  rate  of  growth  of  the  tumor  and 
the  height  at  which  it  is  situated.  Temporary  improvement  is 
occasionally  mentioned,  and  great  fluctuations  in  the  severity  of 
symptoms  may  be  observed ;  such  are  usually  referred,  for  the 
most  part,  to  the  state  of  the  compressive  myelitis,  but  in  part 
also  to  changes  in  the  volume  of  the  tumor  caused  by  variation 
in  the  amount  of  blood  contained,  processes  of  softening,  changes 
in  the  direction  of  growth,  etc. 

The  entire  duration  cannot  always  be  easily  determined, 
owing  to  the  uncertainty  as  to  the  date  of  commencement.  Some 
cases  have  terminated  fatally  in  eight  or  ten  months,  while  others 
run  on  for  one,  three,  or  five  years ;  and  cases  of  much  longer 
duration— extending  to  fifteen  years — have  been  observed. 

The  termination  is  almost  always  in  death  in  the  manner 

described.   A  permanently  stationary  condition  or  improvement, 

or  cure,  is  rarely  seen.    Yet  the  possibility  of  such  an  event,  at 
VOL.  xin.— 18 
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least  for  certain  forms,  cannot  be  denied.  In  sypliilomata  and 
scrofulous  tumors,  in  inflammatory  new  formations,  in  cysticerci 
(by  shrinking  or  calcification),  it  may  certainly  be  admitted,  and 
in  the  case  of  others  may  be  held  an  open  point.  It  will  cer- 
tainly be  hard  to  prove  such  an  event,  both  because  the  diagno- 
sis during  life  is  very  obscure,  and  because  in  cases  which  have 
recovered,  it  will  seldom  happen  that  the  spinal  canal  will  be 
opened  post-mortem. 

Diagnosis. 

The  diagnosis  of  a  meningeal  tumor  is  sometimes  quite  easy, 
but  usually  very  difficult,  and  for  a  long  time  uncertain.  When 
the  symptoms  as  above  given  develop  quickly  and  promptly, 
and  with  their  full  characteristics,  or  if  the  disease  has  passed 
into  the  second  stage,  there  is  usually  no  great  difiiculty.  But 
previous  to  this  point,  years  of  uncertainty  and  guess-work  may 
pass.  And,  on  the  other  hand,  in  cases  with  slightly  marked 
symptoms,  the  disease  may  possess  an  unlucky  resemblance  to  a 
great  variety  of  circumscript  diseases  of  the  cord,  rendering  a 
distinction  impossible. 

The  diagnosis  chiefly  depends  on  the  demonstration  of  a  slowly 
developed  compression  of  the  cord  (see  farther  on,  II.,  section  5), 
which  has  been  preceded  by  the  signs  of  a  circumscribed  ir- 
ritation or  compression  of  certain  portions  of  the  roots.  It 
should  be  particularly  noticed  that  the  symptoms  point  only  to 
a  progression  of  the  paralyzing  lesion  transversely  to  the  cord, 
while  an  extension  in  the  longitudinal  direction  is  not  percepti- 
ble, at  least  not  upwards,  while  a  descent  of  the  process  of  mye- 
litis is  not  rarely  observed.  This,  however,  does  not  make  much 
change  in  the  symptoms. 

AVhen  we  have  made  out  the  existence  of  a  tumor  w'itli  some 
degree  of  certainty,  we  may  consider  ourselves  prepared  to  attack 
the  second  and  more  difficult  question  as  to  the  nature  of  tJiis 
tumor.  In  settling  this  question,  we  are  often  entirely  deprived 
of  guiding-points — especially  as  the  position  of  the  cord  renders  a 
direct  examination  in  most  cases  quite  impossible.  In  many  cases 
something  may  be  found  to  base  a  diagnosis  upon,  and  in  these, 
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after  a  careful  estimation  of  all  circumstances,  we  shall  be  obliged 
to  follow  general  pathological  principles. 

We  shall  infer,  for  instance,  a  peripachymeningitic  exudation 
if  Pott's  disease  or  a  marked  scrofula  exists;  a  carcinoma,  if 
there  is  cancer  of  the  vertebrfe  or  primary  cancer  of  some  other 
part ;  a  syphiloma,  if  syphilitic  infection  can  be  demonstrated ; 
an  echinococcus,  if  the  parasite  has  been  found  in  other  organs, 
or  tumors  containing  the  cysts  are  demonstrated  near  the  spine  ; 
a  neuroma,  if  neuromata  are  found  in  peripheral  nerves,  etc.  In 
most  cases,  however,  we  shall  be  forced  to  confine  ourselves  to 
guesses. 

It  is  easier,  inmost  cases,  to  define  the  precise  seat  of  the  tumor  ^ 
or,  if  there  are  several  of  them,  at  least  that  of  the  uppermost. 
This  is  done  by  following  the  rules  we  have  repeatedly  given,  and 
which  will  be  stated  more  precisely  below,  depending  on  the 
local  distribution  of  the  symptoms  of  irritation  and  paralysis. 

We  may  here  add  a  word  upon  the  tumors  of  the  cauda  equina,  which  usually 
proceed  from  the  meninges,  and  have,  in  every  respect,  a  great  resemblance  to  those 
which  are  situated  higher  and  affect  the  cord  proper.  They  are  hard  to  distinguish 
from  the  latter,  but  may  be  in  many  cases,  perhaps,  if  it  is  borne  in  mind  that 
tumors  of  the  cauda  produce  exclusively  nerve-root  symptoms,  and  that  the  signs  of 
compression  of  the  cord,  of  secondary  myelitis,  etc.,  are  absent.  The  higher  the  tu- 
mor, the  nearer  it  approaches  the  lumbar  portion  of  the  cord,  the  harder  will  it  be  to 
draw  the  distinction.  In  respect  to  tumors  seated  lower,  the  following  points  may  be 
attended  to:  the  seat  of  the  pains  (which  in  such  cases  often  attain  enormous  vio- 
lence) is  strictly  localized  in  certain  nerve-districts;  all  nerves  leaving  the  spinal 
canal  above  the  tumor  are  free;  thus,  in  myxo-sarcoma  telangiectodes  of  the 
cauda,  I  oljserved  the  pain  strictly  limited  to  the  district  of  the  sciatic,  while  the 
crural  and  the  dorsal  nerves  were  perfectly  free ;  constant  violent  pain  in  the 
sacrum.  If  palsy  occurs,  the  reflex  actions  necessarily  cease  at  once.  Spasms  are 
seldom  observed;  more  frequently  contractures.  Atrophy  of  the  muscles  occurs 
rather  frequently.  The  palsy  and  annesthesia,  by  their  localization,  often  give  us 
the  opportunity  of  fixing  the  upper  limit  of  the  lesion.  Increase  of  the  reflex  acts 
and  marked  tendinous  reflexions,  do  not  occur.  Paraplegia,  palsy  of  the  bladder, 
bed-sores,  etc.,  may  develop  exactly  as  in  tumors  occupying  a  higher  scat;  but  the 
symptoms  of  paralysis  do  not  seem  to  belong  necessarily  to  the  disease,  as  is  shown 
in  my  case  Qust  mentioned),  which  terminated  fatally  before  paralysis  or  anesthesia 
occurred. 
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Prognosis. 

It  follows  from  wliat  was  said  of  the  course,  that  the  progno- 
sis of  meningeal  tumors  is  very  bad  in  almost  all  cases.  If  there 
are  actual  neoplastic  formations,  the  prognosis  is  absolutely  bad. 
In  the  most  favorable  case,  the  disease  may  cease  for  a  limited 
time  to  make  progress,  or  death  may  be  delayed.  The  more 
quickly  the  symptoms  develop,  the  worse  for  the  patient ;  and 
the  worst  is  in  carcinoma.  In  some  other  tumors,  in  the  inflam- 
matory, scrofulous,  hemorrhagic,  and  sj^philitic  forms,  the  prog- 
nosis is  more  favorable,  and  is  decided  upon  general  principles. 

If  paraplegia  has  become  complete,  the  case  is  usually  hopeless. 
The  early  or  late  occurrence  of  the  fatal  termination  then  depends 
on  the  rapidity  and  intensity  with  which  cystitis  and  bed-sores 
are  developed.  The  prognosis  of  each  case  will  depend  on  the 
circumstances  and  constitution  of  the  patient,  the  possibility  of 
sufficient  attention  to  his  wants,  on  the  special  prominence  of 
certain  symptoms  or  complications,  etc. 

Treatment. 

This  presents  as  little  encouragement  as  the  prognosis.  For 
the  disease  properly  considered  (if  there  exists  a  new  formation 
in  the  strict  sense)  as  good  as  nothing  can  be  done.  Some  suc- 
cess is  to  be  hoped  for  in  inflammatory,  syphilitic,  scrofulous 
forms.  We  should  in  general  attempt  to  fulfll  the  causal  indica- 
tion, as  far  as  possible. 

The  object  of  removing  or  diminishing  the  size  of  the  tumor 
has  been  sought  in  a  variety  of  ways,  but  mostly  without  success. 
All  sorts  of  local  derivatives  have  been  tried,  from  painting  with 
tincture  of  iodine  and  blistering,  to  the  moxa  and  the  white-hot 
iron.  Internally,  it  will  be  proper  to  try  iodide  of  potassium  and 
ioduretted  mineral  waters,  mercury,  arsenic,  etc.  Some  improve- 
ment in  symjitoms  has  been  observed  from  the  use  of  warm 
springs  and  brine-baths.  As  long -as  such  temporary  improvement 
(often  lasting  for  quite  a  while)  can  be  effected,  and  while  the 
diagnosis  remains  uncertain,  we  shall  always  be  tempted  to  make 
new  trials. 
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If  the  diagnosis  and  the  seat  of  the  tumor  are  quite  certain, 
we  may  perhaps  consider  the  question  of  trepanning  tlie  verte- 
bral column  ;  but  it  is  seldom  that  we  shall  find  firm  ground  for 
undertaking  such  an  heroic  operation.  And  yet  the  success  of 
this  attempt  is  by  no  means  beyond  the  limits  of  possibility, 
especially  if  the  tumor  lies  outside  of  the  sac  of  the  dura,  upon 
its  posterior  surface.  If  we  are  forced  to  open  the  dura,  the  dan- 
ger is  much  increased.  At  all  events,  the  prognosis  of  the  disease 
is  so  desperate  that  we  ought  to  take  the  operation  into  consider- 
ation. Ecliinococcus  cysts,  growing  from  the  spinal  canal,  should 
be  opened  and  evacuated,  or  extirpated. 

In  the  great  majority  of  cases,  the  chief  object  will  consist  in 
general  attention  to  the  'patients  needs^  and  treatment  of  the 
symptoms.  In  respect  to  the  former,  we  have  nothing  to  add  to 
what  we  said  in  the  general  part  of  this  work.  Above  all,  we 
ought  to  prevent  cystitis  and  bed-sores  if  possible,  and  to  keep 
up  the  strength  of  the  patient. 

As  regards  symptoms,  the  pains  should  be  the  first  and  con- 
stant object  of  treatment;  they  often  bid  defiance  to  all  remedies, 
and  enormous  doses  of  morphine  are  usually  required  to  render 
the  patient's  life  tolerable.  The  entire  range  of  narcotic  and 
anti-neuralgic  remedies  must  be  tried.  For  the  paralytic  symp- 
toms nothing  can  be  done  directly.  Cystitis  and  bed-sores  are  to 
be  treated  upon  general  principles. 

''■;0-CHIKURCICAL  '^"OIETY 

Addendum. 

Anatomical  Changes  in  the  Spinal  Membranes,  without  Clini- 
cal Significance. 

Various  changes  in  the  spinal  membranes  are  known  to  pathological  anatomy 
which  seem  to  produce  no  symptoms  during  life;  sometimes  they  are  senile 
changes,  sometimes  slight  incidental  inflammatory  or  degenerative  disturbances, 
which  remain  without  symptoms  as  long.as  they  affect  the  membranes  alone  and  do 
not  involve  the  roots  or  the  cord.  Tiiese  matters  are  about  equal  in  importance  to 
pleuritic  adhesions  in  the  respiratory  apparatus. 

The  physician,  however,  ought  to  know  them,  in  order  not  to  interpret  things 
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■which  are  usually  iunocent  as  the  cause  of  symptoms  observed  during  life.  They 
are  therefore  briefly  enumerated  in  this  jilace. 

1.  Bony  and  cartilaginous  diskn  in  the  arachnoid  are  very  often  found.  These 
are  small,  roundish  or  angular  plates,  flat,  from  six  to  fifteen  millimetres  in  diame- 
ter, somewhat  thicker  in  the  middle,  and  sharp  on  the  edges.  Their  number  in  the 
arachnoid  varies;  they  are  especially  frequent  in  the  lumbar  part  and  on  the  poste- 
rior surface  of  the  cord,  often  composing  a  literal  mosaic.  While  Ollivier '  con- 
sidered them  as  purely  cartilaginous,  Virchow '  has  shown  that  they  consist  of 
young  bony  tissue,  and  have  a  structure  which  agrees  for  the  most  part  -with  that  of 
the  cartilage  of  bone ;  a  striped  basement  substance  in  strata,  inclosing  star-shaped 
bodies,  and  passing  by  calcification  directly  into  bone-tissue.  Their  outer  surface  is 
smooth,  their  inner  more  rough  and  jagged,  so  that  they  feel  like  a  cat's  tongue. 

In  most  cases  they  give  rise  to  no  symptoms  whatever.  In  advanced  age  they 
are  almost  always  present.  They  are  often  found  in  young  persons  who  have  ex- 
hibited no  spinal  symptoms.  They  certainly  point  to  an  irritative  condition  of  the 
meninges,  especially  if  they  exist  in  large  numbers.  They  are  probably  referable  to 
slight,  often-rei^eated  iriitation.  The  connection  with  epilepsy,  formerly  imagined 
to  exist  (Esquirol,  Ollivier),  is  at  all  events  very  doubtful. 

2.  Diffuse  ossification  of  tJie  spinal  membranes  occurs  now  and  then,  but  seems 
destitute  of  clinical  significance.  Diffuse  ossifications  have  been  described  in  the 
dura  (Andral,  Virchow),  and  small  osteophytic  elevations  are  also  seen  in  the  same 
membrane ;  the  deposition  of  brain  sand  [corpp.  arenosa]  in  the  exudaticms  with 
thickening  of  the  dura  (pachymeningitis  arenosa  *)  may  perhaps  be  included  here. 

3.  The  pigmentation  of  the  pia  may  often  reach  so  high  a  degree  as  to  become 
pathological.  Pigmented  corpuscles  of  connective  tissue  are  often  found  in  the 
pia  soon  after  puberty,  especially  in  the  cervical  region.  In  marked  cases  this  may 
give  rise  to  a  diffuse,  slightly  brownish,  smoky  gray  or  blackish  coloration.''  A 
gradual  transition  from  this  state  to  actual  melanoma  has  been  observed.  The 
simple  pigmentation  is  destitute  of  pathological  importance,  and  has  no  demon- 
strable connection  with  inflammation,  or  with  epilepsy,  as  was  formerly  supposed. 

4.  Small  tumors  of  all  sorts  may  exist  innocuously.  Fibromas,  cysts,  melanomas, 
neuromas,  etc.,  from  the  size  of  a  hemp-seed  to  that  of  a  pea,  have  been  repeatedly 
observed  in  the  cauda  and  the  membranes  without  accompanying  symptoms.  This 
is  very  easily  understood. 

5.  An  increased  amount  of  spinal  fluid  must  not  be  regarded  as  a  necessary 
cause  of  decided  disturbances  of  function. 

Such  an  increase  is  most  frequent  (hydrorrhachis  externa ')  in  the  meshes  of  the 
arachnoid  in  connection  with  atrophy  of  the  cord.  As  long  as  this  has  the  char- 
acter of  normal  spinal  fluid,  its  increase  is  not  of  any  great  importance.  But  if  it 
is  turbid,  of  a  reddish  or  whitish  tinge,  contains  numerous  cell-elements,  blood- 


'  Loo.  cifc.  3.  Aufl.  II.  p.  4G6  seqq.  *  VircJiow,  ibidem.  II.  p.  117. 

*  Geschwiilate.  II.  p.  93.  *  Ibidem.  II.  p.  120. 

'  Virc7iow,  Geschwiilate.  I.  p.  175. 
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corpuscles,  etc.,  its  increase  is  due  to  an  increase  of  irritation  or  to  a  considerable 
blocking  of  the  circulation  of  the  spinal  membranes,  and  then  represents  sinii)ly 
a  portion  of  the  general  morbid  process.  But  even  then  tliere  is  no  reason  for 
referring  the  cause  of  severe  symptoms  exclusively  to  the  pressure  of  the  increased 
volume  of  spinal  fluid,  as  was  formerly  often  done. 


II.  Diseases  of  the  Spinal  Cord  proper. 

Introductory. — Before  entering  upon  the  special  considera- 
tion of  tliese  diseases,  it  will  be  suitable  to  give  a  reason  for  the 
order  and  distribution  of  the  material  which  we  have  adopted. 

"We  cannot  pretend,  in  the  present  state  of  our  knowledge,  to 
make  a  strictly  scientific  division  of  diseases  of  the  spinal  cord. 
To  base  such  a  division  upon  strict  principles  of  pathological 
anatomy  would  be  completely  impossible,  as  we  are  in  the  dark 
with  reference  to  the  significance  of  many  processes,  and  in  many 
diseases  are  ignorant  of  any  anatomical  basis, 

A  division  by  special  localities  is  equally  impossible,  for  in 
many  diseases  we  are  quite  ignorant  of  the  exact  locality,  and  in 
otlier  cases  such  an  arrangement  would  involve  a  great  deal  of 
repetition. 

We  must,  therefore,  resort  to  such  methods  as  are  convenient. 

It  seemed  to  us  that  for  practical  purposes  we  ought  to  pre- 
sent as  full  an  account  as  possible  of  the  important  parts  of 
spinal  pathology,  without  too  much  detail  or  repetition.  The 
principle  adopted  is  simple  and  intelligible,  and  sufficiently  con- 
sistent with  the  rules  of  logic. 

In  the  first  group,  comprising  eleven  sections,  we  shall  speak 
of  the  processes  which  occupy,  or  may  occupy,  the  entire  trans- 
verse section  of  the  cord  in  a  diffuse  way ;  processes  which  do 
not,  at  any  rate,  either  necessarily  or  regularly,  imply  a  limita- 
tion to  certain  portions  of  the  transverse  section.  They  may 
extend  longitudinally  to  various  distances.  They  comprise  hy- 
peremia, anemia,  and  hemorrhage  of  the  cord,  acute  severe  trau- 
matic lesions,  and  slow  compression  of  the  cord  (Nos.  1-5). 

Then  follow  three  diseases :  concussion  of  the  cord,  spinal  irri- 
tation and  spinal  nervous  debility  (Nos.  6-8),  in  which  we  are 
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aware  of  no  anatomical  changes,  but  are  allowed  to  suppose  at 
any  rate  fine  disturbances  of  nutrition,  which,  more  or  less  dif- 
fused in  the  transverse  and  longitudinal  directions,  are  certainly 
not  attached  to  certain  parts  of  the  transverse  section. 

In  Nos.  9-11  we  shall  present  the  inflammation  of  the  cord 
(acute  and  chronic),  simple  softening,  and  that  peculiar  anatomi- 
cal change  commonly  known  as  sclerosis  in  patches — processes 
which  likewise  do  not  derive  their  characteristic  features  from 
their  connection  with  any  certain  portion  of  the  transverse  sec- 
tion. 

In  the  second  group  (Nos.  12-16),  we  shall  treat  of  those  forms 
of  disease,  as  far  as  known,  which  are  marked  by  their  more  or 
less  strict  localization  in  certain  portions  of  the  transverse  sec- 
tion of  the  cord,  while  their  extension  in  the  longitudinal  direc- 
tion may  greatly  vary  and  change.  To  this  class  belong  the 
degenerative  processes  in  the  posterior  columns,  in  the  lateral 
columns,  and  the  lesions  which  are  limited  to  one  lateral  half  of 
the  cord;  also  the  acute  and  chronic  processes  confined  to  the 
gray  anterior  cornua. 

Under  No.  17  we  shall  describe  acute  ascending  paralysis,  a 
form  of  disease  still  perfectly  obscure,  which,  for  the  better  un- 
derstanding of  it,  we  shall  place  after  the  above-named  diseases. 

The  placing  of  tumors,  secondary  degenerations,  and  malfor- 
mations of  the  cord  (Nos.  18-20)  at  the  end  of  this  series  is  justi- 
fied by  their  less  frequent  occurrence  and  importance,  and  the 
impossibility  of  including  them  directly  in  either  larger  group. 

Finally,  in  No.  21,  we  present  a  number  of  scattered  facts, 
which  have  an  undoubted,  though  in  many  cases  an  obscure  con- 
nection with  the  pathology  of  the  cord,  and  which  deserve  to  be 
collected  as  material  for  the  further  development  of  the  subject. 
As  inducements  to  further  investigations  and  researches,  they 
may  be  granted  a  little  space. 


1.  Hyperemia  of  the  Oord. 

We  have  already  spoken  of  this,  as  indistinguishable  from 
the  same  condition  of  the  membranes,  either  by  anatomical  or 
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clinical  tests  ;  and  would  refer  the  reader  to  tlie  complete  account 
given  on  page  199  et  seq. 

2.  Ancemia  of  the  Cord. 

Masse,  loc.  cit.  2.  Aufl.  p.  652. — Hammond,  loc.  cit.  3d  edition,  p.  396. — M.  Rosen- 
thal, 1.  c.  2.  Aufl.  p.  2^0.—Leyden,  1.  c.  II.  p.  %l.—Jaccoud,  Les  paraplGgiea 
et  I'utaxie  du  mouvement.  Paris,  1864.  p.  293  et  seq. 

N.  Stenon,  Element,  myologise  specimen.  Flor.  IGQl.—Kussmaul  and  Tenner,  Un- 
ters.  iiber  Ursprung  und  Wesen  der  fallsuchtartigen  Zuckungen  bei  Verblutun- 
gen,  etc.  Molescli.  Unters.  zur  Naturl.  HI.  1857.  p.  59.—Schiffer,  Ueber  die 
Bedeutung  des  Stenson'scheu  Versuchs.  Centralbl.  f.  d.  med.  Wiss.  1869. 
Nos.  37  and  38. — Ad.  Weil,  Der  Stenson'sche  Versuch.  Diss.  Strassburg,  1873. — 
Romberg,  Lehrbuch  der  Nervenkrankli.  2.  Aufl.  I.  8.  p.  2.— Earth,  Oblit6rat. 
complete  de  Taorte.  Arch.  g6n.  1835.  VIII.  p.  26. — Oull,  Paraplegia  from 
Obstruction  of  the  Abdom.  Aorta.  Guy's  Hosp.  Rep.  3d  series.  III.  p.  311. 
1858. —  Gumings,  Paraplegia  from  Arteritis.  Dubl.  Quart.  Journ.  May,  1856. — 
Panum,  Zur  Lehrc  von  der  Embolic.  Virch.  Arch.  XXV.  lQQ2.—Brown- 
Sequnrd,  Lectures  on  the  Diagnosis  and  Treatment  of  the  Princijjal  Forms  of 
Paralysis  of  the  Lower  Extremities.  London,  1861. — Sandras,  Trait6  des  mala- 
dies nerveuses.  Paris,  1851. — Service  of  Orisolle :  Parapldgie  aprfes  une  m6tror- 
rhagie  considerable.  Gaz.  des  hop.  1852.  No.  108. — Moutard-Martin,  Para- 
pl6g.  causSes  par  les  liGmorrh.  utgrines  ou  rectales.  Soc.  mfid.  des  h6p.  1852. 
Union  m6d.  1853. — Abeille,  Etudes  sur  la  parapl6gie  indCp.  de  la  myglite. 
Paris,  1854. —  Van  BervUet,  Observ.  de  parapl6g.  chlorotique.  Annal.  de  la  soc. 
m6d.  de  Gand.  1861. — Mordret,  Traite  prat,  des  affect,  nerveuses  et  chloro- 
an6miques.  Paris,  1861. 

Definition. — By  anaemia  we  understand  a  diminution  in  tlie 
amount  of  blood  contained  in  the  cord ;  and  this  may  consist  of : 

a.  Diminution  or  complete  suspension  of  the  arterial  supply 
to  the  cord—ischoimia  ;  or, 

&.  Deficiency  of  blood  in  the  cord,  owing  to  the  diminution  of 
the  total  amount  of  hlood.,  and  bad  crasis  (oligsemia,  hydnemia, 
etc.),  and  usually  named  ansemia  without  further  definition. 

The  first  form  has  been  experimentally  studied,  and  has  been 
in  single  cases  made  the  object  of  clinical  study. 

The  second  form  is  still  less  distinct  clinically,  owing  to  the 
frequent  want  of  prominence  of  the  spinal  symptoms,  and  to 
simultaneous  disturbances,  cerebral  and  otherwise,  originating  in 
the  anjcmia,  and  obscuring  the  spinal  symptoms. 


282   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

It  is  plain  that  there  are  many  transitional  forms  between 
these  two,  and  that  a  sharp  distinction  is  not  always  feasible, 
although  we  shall  attempt  to  make  it  in  the  following  presenta- 
tion. Both  forms  lead  to  the  same  result,  although  in  some 
cases  it  may  be  developed  quickly  and  in  others  slowly;  the 
nutrition  of  the  substance  of  the  cord  will  suffer  more  or  less ^ 
and  this  will  bring  about  the  corresponding  disturbances. 

Pathogenesis  and  Etiology. 

The  conditions  which  may  produce  a  m2ivk.Qdi  predisposition 
in  certain  persons  to  anaemia  of  the  cord  are  not  fully  studied. 
Various  points  may,  however,  be  mentioned  which  deserve 
future  attention.  For  instance,  congenital  narrowness  of  the 
calibre  of  the  circulation,  shown  by  Virchow  to  be  so  frequent  an 
occurrence  in  chlorosis  ;  also  congenital  or  acquired  weakness  of 
the  heart ;  and  finally,  an  undue  excitability  of  the  naso-motor 
nerves,  so  common  in  nervous  persons,  which  may  sometimes  be 
most  marked  in  the  cord.  It  is  a  fact  which  may  be  connected 
with  these  circumstances,  that  the  female  sex  seems  specially 
predisposed  to  certain  forms,  at  least,  of  spinal  anaemia.  Dis- 
eases of  the  vessels  of  the  cord  also,  which  are  of  quite  frequent 
occurrence,  doubtless  give  rise  to  a  certain  predisposition  to 
anaemia.  I  am  inclined  to  refer  to  anaemia  of  the  cord  those 
slight  attacks  of  feebleness  of  the  lower  extremities  which  are 
found  in  old  people  with  marked  atheroma  of  the  arteries. 

The  direct  causes  of  spinal  anaemia  are  better  known. 

The  first  group  embraces  all  those  causes  which  produce  a 
contraction  or  closure  of  the  afferent  arteries  of  the  cord  (para- 
plegics ischemiques  of  Jaccoud).  Of  these  we  must  first  name 
compression,  thrombosis  or  embolism  of  the  abdominal  aorta 
above  the  point  of  departure  of  the  lumbar  arteries.  It  leads  to 
a  severe  iscliaemia  of  those  segments  of  the  cord  which  receive 
branches  from  the  corresponding  lumbar  and  intercostal  arteries. 

It  has  very  long  been  known  that  compression  of  the  abdominal  aorta  is  fol- 
lowed very  quickly  by  paralysis  of  the  posterior  half  of  the  body  (Stenson's  experi- 
ment).   The  paralysis  occurs  a  few  moments  after  the  compression  begins,  and  was 
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referred  by  a^i  the  earlier  observers  to  a  peripheral  disturbance  of  the  nutrition  of 
nerves  and  muscles.  Kussmaul  and  Tenner  liavo,  however,  shown  that  ansemia  of 
the  cord  leads  to  palsy  much  more  rapidly  than  anosmia  of  the  nerves  and  muscles. 
SchifEer  has  tested  the  question  again,  and  has  decided  that  ancemia  of  the  cord 
itself  is  certainly  the  immediate  cause  of  the  palsy,  that  the  nerves  and  muscles  in 
this  case  remain  excitable  for  a  long  time,  and  that  in  case  of  compression  at  a 
lower  point,  the  paralysis  occurs  much  later.  It  is  also  true  that  when  the  com- 
pression lasts  a  considerable  time,  paralysis  of  the  cauda  equina,  the  peripheral 
nerves  and  muscles  follows.  A.  Weil  has  contirmed  Schiffer's  statements  in  all 
essential  points.  Such  ischajmlc  paraijlegiaj  have  been  seen  to  occur  in  the  human 
subject,  in  the  rare  case  of  thrombosis  and  embolism  of  the  aorta  (Barth,  Gull, 
Leyden,  Tutscheck,  and  others),  although  it  is  not  always  possible  to  decide  whether 
their  origin  is  spinal  or  peripheral. 

TJiromhosts  and  emhoUsm  of  gioen  spinal  arteries  can  only 
lead  to  quite  circumscribed  ischfemia,  owing  to  the  numerous 
arterial  supplies  whicli  tlie  cord  possesses. 

This  cause  has  been  studied  experimentally  by  Panum,  but  in  man  has  been 
only  accidentally  observed,  and  its  pathogenetic  import  is  not  yet  sufficiently  de- 
fined.   Leyden  has  found  capillary  embolism  of  the  cord  in  ulcerous  endocarditis. 

It  is  still  uncertain  whether  spasm  of  the  spinal  vessels  can 
produce  anaemia  of  the  cord ;  the  fact  is  not  well  established, 
though  not  quite  improbable.  We  may  assume  that  a  direct 
irritation  of  the  vaso-motor  paths  concerned  produces  this  kind 
of  ischaemia ;  but  the  theory  has  been  more  generally  accepted 
that  irritations  of  peripheral  organs,  due  to  all  sorts  of  causes, 
may  produce  such  vascular  spasm  in  the  reflex  way ;  and  this 
may  be  the  origin  of  a  great  many  of  the  so-called  "  reflex  paral- 
yses." 

The  latter  view  has  been  developed  into  a  theory  of  "reflex  paralysis"  by 
Brown-S6quard  in  particular.  The  peripheral  irritation  causes  a  contraction  of  the 
spinal  vessels,  of  various  duration,  which  gives  rise  to  palsy  and  a  more  or  less  per- 
manent disturbance  of  nutrition  in  the  cord,  as  has  been  observed  by  Kussmaul  and 
Tenner,  and  by  Schiffer,  to  occur  after  simple  compression  of  the  aorta,  if  contin- 
ued for  n  sufficient  time. 

Although  it  is  not  certain  that  such  a  permanent  and  severe  spinal  vascular 
spasm  occurs,  as  is  demanded  by  Brown-SCquard's  theory,  and  although  on  the 
other  hand  many  "reflex  paralyses"  can  be  referred  to  severe  disturbances  of  nutri- 
tion, yet  a  transitory  spasm  of  the  spinal  arteries  is  by  no  means  inconceivable. 
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Vaso-motor  spasms  of  the  skin  of  the  extremities  may  last  for  houra  and  daye,'  and 
■why  not  in  the  cord  also?  And  if  such  a  thing  occurs,  severe  disturbances  must 
occur  in  the  fine  and  delicate  processes  of  nutrition  of  the  central  apparatus. 

It  is  self-evident  that  mechanical  pressure  upon  the  cord  may 
produce  ischsemia  in  a  corresponding  portion ;  in  such  cases, 
however,  the  symptoms  are  referable  rather  to  pressure  upon  the 
nerve-elements  than  to  compression  of  the  blood-vessels. 

The  second  group  of  direct  causes  embraces  all  such  as  di- 
minish  the  total  amount  of  tlood^  or  cause  a  decided  change  in 
its  composition,  with  a  tendency  to  oligocythfemia,  hydrfemia 
and  allied  disturbances.  (A  portion  of  Jaccoud's  paraplegies 
dyscrasiques.) 

Upon  the  whole,  the  existence  of  severe  spinal  sj^mptoms, 
especially  of  paralyses,  in  these  conditions  is  comparatively  rare, 
and  the  causal  relation  between  the  anicmia  and  the  paralysis 
which  follows  is  not  always  perfectly  clear.  It  seems  at  first 
strange  that  the  lower  extremities  should  be  almost  exclusively 
affected  ;  but  a  closer  consideration  shows,  as  Jaccoud  has  admi- 
rably stated,  that  the  fact  is  probably  due  to  the  greater  claims 
usually  made  upon  the  activity  of  the  legs  at  all  times,  which 
causes  any  general  weakness  to  show  first  in  them.  It  will  also 
remain  undecided  in  many  cases  whether  and  to  what  extent  the 
symptoms  of  weakness  depend  on  anaemia  and  disturbances  of 
nutrition  in  the  peripheral  nerves  and  muscles.  For  this  reason 
cases  must  be  read  with  some  caution. 

Several  cases  ar;e  described  in  which  paraplegia  followed  great 
loss  of  hlood,  as  in  parturition,  metrorrhagia,  bleeding  from  the 
kidneys  and  intestine,  epistaxis,  etc.  Jaccoud  quotes  such  cases 
from  GrisoUe,  Moutard-Martin,  Abeille,  Landry,  and  others. 

A  similar  effect  is  produced  by  great  loss  of  blood,  severe 
acute  diseases,  inanition,  etc.,  which  injure  the  nutrition  of  the 
cord  by  producing  great  anaemia. 

In  cJilorosis,  states  of  weakness  and  palsy  have  been  observed 
and  referred  to  anaemia  of  the  cord ;  such  cases  are  rather  fre- 
quent, though  not  so  in  comparison  with  the  frequency  of  chlo- 
rosis itself.    Jaccoud  quotes  such  from  Dusourd,  Bervliet,  Bou- 
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chut,  Mordret,  Landry,'  and  others,  and  includes  the  paraplegia 
of  pregnancy  in  the  list.  It  appears  that  only  quite  severe  cases 
of  chlorosis  cause  such  paraplegia. 

:;:UCO-CHWvURCICAL  COC 

Pathological  Anatomy. 

Anaemic  portions  of  the  cord  look  pale,  bloodless,  white ;  no 
points  of  blood  appear  on  their  cut  surface,  and  no  full  vessels 
are  to  be  seen  ;  the  gray  substance  is  strikingly  dull  in  color,  and 
sinks  a  little  upon  the  section  ;  the  white  is  often  found  very  soft 
and  semiiiuent,  and  pushes  out  above  the  cut  surface.  There 
are,  however,  reports  of  cases  in  which  the  substance  of  the  cord 
was  found  somewhat  firmer  and  more  resistent  than  usual. 
Perhaps  these  were  dilferent  stages  of  the  same  change. 

The  membranes  also  appear  pale,  their  vessels  partly  empty 
and  not  easy  to  see. 

A  distinct  contrast  to  this  is  afforded  by  those  sections  of  the 
cord  in  which  the  circulation  is  retained,  which  look  of  a  rosy 
color  and  are  harder  in  consistence  ;  an  increased  injection,  with 
extravasations  of  blood,  is  often  observed  in  the  neighborhood  of 
an?emic  portions. 

In  general  anaemia  the  cord  is  usually  anaemic  also. 

It  is  not  always  easy  to  avoid  confusing  these  phenomena 
with  post-mortem  appearances  ;  anaemia  will  therefore  be  con- 
sidered to  have  existed  during  life  only  when  all  the  circum- 
stances which  produce  it  in  a  corpse  can  be  shown  to  be  absent, 
such  as  a  certain  position,  cadaverous  swelling  of  the  medul- 
lary substance,  etc. 

In  thrombosis  and  embolism  of  the  small  spinal  vessels  it  is 
often  possible  to  find  the  point  of  occlusion.  Red  softening 
exists  in  the  region  supplied  by  the  plugged  artery,  and  in  its 
vicinity  collateral  fluxion.  This  has  been  found  chiefly  in  ani- 
mals. Tuckwell  has  found  similar  appearances  in  man.  Leyden 
observed  microscopical  embolic  foci  in  ulcerous  endocarditis. 

If  the  ischjTjmia  is  protracted,  secondary  changes  occur— 
white  and  yellow  softening  of  the  corresponding  portion  of  the 
cord,  localized  breaking- down,  stasis  of  blood,  etc.    The  minute 
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changes  in  nutrition  which  appear  in  a  short  time  are  not  acces- 
sible to  a  pathologico-anatomical  examination. 

Symptoms. 

Before  describing  anremia  of  the  cord,  let  us  consider  such 
facts  as  are  derived  from  experimental  physiology,  and  which, 
at  least  in  the  case  of  the  acute  ischsemic  form,  furnish  us  abun- 
dant information. 

When  the  aorta  is  compressed^  motor  and  sensory  palsy  of 
the  legs  immediately  occurs,  the  reflex  acts  cease,  the  bladder 
and  rectum  seem  paralyzed.  When  the  circulation  is  restored, 
improvement  in  these  respects  is  slow  in  proportion  to  the  dura- 
tion of  the  compression. 

Precisely  the  same  symptoms  occur  in  man  after  embolism  of 
the  aorta — rapid  palsy  of  the  legs,  sphincters,  reflex  function, 
etc.  Gull's  case,  in  which  he  observed  paralysis  to  occur  in  a 
few  minutes,  is  an  especially  good  instance  of  paraplegia  from 
aortic  obstruction.  In  most  other  cases  of  this  class  it  is  less 
easy  to  affirm  that  the  paralysis  originates  from  spinal  ana?mia; 
it  is  rather  probable  that  the  disease  has  a  peripheral  origin 
(see  the  cases  of  Romberg,  Cumings,  Leyden,  Tutscheck,  et  al.). 

If  the  contraction  of  the  aorta  develops  by  slow  degrees,  the 
disturbances  are  of  a  gradual  and  less  severe  nature — slight  feel- 
ing of  numbness  and  of  a  limb  asleep,  weakness  of  the  lower  ex- 
tremities, which  are  easily  fatigued  when  severe  exertions  are 
made.  The  symptoms  of  closure  of  the  aorta  become  more  and 
more  distinct — absence  of  pulse  in  the  crural  arteries,  coldness 
and  oedema  of  the  feet,  enlargement  of  collateral  arteries,  etc. — 
sj^mptoms  which  in  acute  cases  appear  very  quickly. 

Here  must  be  included  a  series  of  cases  which  present  the  symptom  of  inter- 
mitting lameness  or  palsy.  In  these  no  change  is  observed  wliile  tlie  patient  is  at 
rest;  but  when  he  takes  a  brisker  walk  than  usual,  it  is  followed  by  distinct  weak- 
ness or  even  palsy,  which  disappears  when  he  takes  rest,  and  again  returns  when 
he  renews  his  muscular  eflPorts.  Such  symptoms  have  been  observed  in  horses,  and 
are  accounted  for  by  occlusion  of  the  aorta.  A  similar  thing  has  been  seen  in  man 
(Charcot,  Frerichs — intermittent  palsy  in  one  lower  extremity),  the  cause  of  which 
is  also  doubtless  referable  to  the  closure  of  one  iliac  or  the  aorta.    But  these  seem 
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to  be  only  cases  of  peripheral  palsy ;  the  muscles,  imperfectly  supplied  with  fresh 
blood,  become  incompetent  to  their  duty  where  severe  exertions  arc  demanded, 
while  they  are  still  able  to  perform  a  slighter  task. 

All  that  has  been  said  applies  only  where  the  ischaeraia  is  sit- 
uated in  the  lumbar  region  of  the  cord.  We  know  nothing  in 
regard  to  the  symptoms  of  ischsemia  of  the  cervical  part.  Clo- 
sure of  both  vertebral  arteries  might  be  followed  by  ischa3mia  in 
this  case  also ;  but  the  derangement  of  the  cerebral  functions 
and  those  of  the  medulla  oblongata  would  then  probably  be  so 
severe  as  to  mask  the  spinal  symptoms,  and  death  would  follow 
speedily. 

The  symptoms  of  vaso-motor  ischcBmia  of  the  cord  must  be 
the  same,  but  they  can  hardl}"-  be  so  severe.  We  know  nothing 
with  precision  in  regard  to  them,  excepting  those  symptoms  of 
"reflex  paralysis"  which  are  said  by  Brown- Sequard  to  origi- 
nate in  this  way.  It  is  said  to  be  characteristic  of  these  paraly- 
ses that  they  originate  in  peripheral  irritation,  that  variations  in 
the  severity  of  such  irritation  are  followed  by  corresponding 
fluctuations  in  the  symptoms  of  palsy,  and  that  the  latter  often 
disappear  when  the  former  cease.  It  is  evident  how  imperfect 
is  this  characterization. 

Anaemia  originating  in  tliromhosis  and  embolism  of  small 
arteries  probably  gives  rise  to  merely  local  and  subordinate 
symptoms,  about  which  nothing  is  known  definitely.  If  large 
spots  of  softening  are  formed,  the  symptoms  of  circumscribed 
destruction  of  the  cord  follow,  which  will  vary  somewhat  accord- 
ing to  the  seat  of  lesion ;  we  shall  come  back  to  these  in  the  sec- 
tion on  Softening  of  the  Cord,  No.  10,  farther  on. 

In  the  second  group  of  cases  of  spinal  anaemia  the  number  of 
symptoms  of  anajmia  is  so  great,  involving  most  of  the  organs  of 
the  body,  as  to  make  it  hard  to  sift  out  those  proper  to  the  affec- 
tion. 

The  most  constant  seem  to  be  those  of  motor  loeaJcness— 
weakness  and  great  fatigue,  which  forbids  all  severe  exertions, 
slight  tremor  when  even  the  least  muscular  work  is  performed, 
and  in  the  higher  degrees,  severe  paresis,  and  at  last  paralysis. 
All  tliis  usually  begins  in  the  lower  extremities,  and  extends 
very  gradually  to  the  trunk  and  arms. 
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The  sensibility  is  usually  intact ;  but  parsestliesia  of  every 
sort,  pain,  and  hypersesthesia  or  slight  anaesthesia  occur.  The 
reflex  actions  are  often  exaggerated  ;  only  in  the  severest  cases 
are  they  depressed.  The  spJiincters  do  not  seem  to  be  usually 
affected,  unless  the  severest  anaemia  with  full  paraplegia  has 
been  developed. 

At  the  same  time,  the  most  marked  symptoms  of  general 
anaemia  or  developed  chlorosis  exist. 

It  is  said  to  be  a  marked  characteristic  of  this  form,  that  the 
symptoms  are  improved  by  continued  lying  down,  which  favors 
the  flow  of  blood  to  the  cord ;  changes  of  circulation  produce 
the  same  effect  upon  the  severity  of  the  symptoms.  It  is  impor- 
tant to  note  in  conclusion  that  a  tonic  treatment  with  iron  and 
stimulants  quickly  improves  such  cases. 

Hammond  has  tried  to  prove  that  the  so-called  spinal  irritniion  depends  on  a 
local  hyperffimia  of  the  posterior  columns.  We  shall  return  to  this  point  in  speak- 
ing of  spinal  irritation  (see  farther  on,  No.  7). 

Course,  duration,  termination. — The  disease  may.  begin  rap- 
idly and  acutely,  as  in  embolism,  severe  loss  of  blood,  etc.  At 
other  times  it  is  slower  and  more  gradual,  as  in  thrombosis,  chlo- 
rosis, etc.  ;  the  symptoms  at  first  do  not  appear  until  certain 
efforts  are  made,  but  become  by  degrees  more  distinct  and  per- 
manent until  the  disease  is  fully  developed. 

In  its  further  course  the  patient  either  recovers  rapidly,  by 
the  establishment  of  collateral  circulation  or  regeneration  of  the 
lost  blood,'  or  perhaps  by  relaxation  of  a  vaso-motor  spasm ; 

Or,  after  long  fluctuation,  a  slow  recovery  occurs,  especially 
when  the  circulation  becomes  free  after  having  been  disturbed 
for  a  sufficient  time  to  leave  considerable  impairment  of  nutri- 
tion ; 

Or,  finally,  return  to  a  normal  state  is  impossible,  the  cord 
softens,  producing  all  the  symptoms'  of  severe  spinal  paralj'-sis, 
in  the  midst  of  which  death  at  last  occurs. 

Of  the  duration  of  the  disease  nothing  need  be  said,  as  it  may 
vary  very  greatly  according  to  the  cause,  the  possibilities  of 
repair,  the  development  of  secondary  changes  of  nutrition,  etc. 
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I>iagnosis. 

"We  are  not  entitled  to  infer  the  definite  existence  of  spinal 
anjemia  from  the  above  symptoms,  unless  the  causes  are  clear. 

The  acute  ischjEmic  form  often  commences  quite  like  a  spinal 
hemorrhage  or  an  acute  myelitis  ;  the  diagnosis  becomes  proba- 
ble only  when  the  aorta  can  be  proved  to  be  closed,  or  a  great 
loss  of  blood  has  recently  occurred ;  and  it  may  be  confirmed  by 
the  rapid  and  favorable  course  of  the  disease.  We  have  already 
said  that  an  intermittent  character  of  the  paralytic  symptoms 
could  not  probably  be  referred  directly  to  anaemia  of  the  cord. 

The  chronic  anaemic  forms  (dyscrasic)  resemble  chronic  myeli- 
tis, or  very  slow  forms  of  chronic  meningitis,  etc.  If,  however, 
chlorosis  or  severe  general  anaemia  exists,  we  shall  naturally 
think  first  of  anaemia  of  the  cord.  The  fact  that  the  horizontal 
position  relieves  the  symptoms  may  perhaps  be  made  of  use  in 
the  diagnosis  ;  but  usually  the  decisive  test  will  have  to  be  fur- 
nished by  the  result  of  treatment. 

Yaso-motor  ischaemia  is  probably  hard  to  distinguish.  Believ- 
ers in  Brown-Sequard's  theory  of  reflex  paralysis  will  refer  to 
it  when  peripheral  irritation  exists  (diseases  of  the  organs  of  uri- 
nation or  digestion,  or  of  the  uterus,  etc.).  The  idiopathic  forms 
require  some  further  study  and  proof. 


Prognosis. 

This  depends  chiefly  on  the  causes,  and  on  the  possibility  of 
removing  them.  We  shall,  therefore,  have  to  decide  the  ques- 
tion on  general  principles. 

Of  itself,  spinal  anaemia  is  nothing  serious.  If  it  has  not 
lasted  long,  or  has  never  been  extreme,  the  prognosis  is  quite 
good  ;  especially  so  in  chlorosis. 

But  a  severe  anaemia  may  badly  impair  the  nutrition  of  the 
cord,  even  when  the  disease  has  lasted  but  a  short  time,  and  may 
cause  injuries  which  require  a  long  time  for  their  repair.  Experi- 
ments have  sufficiently  proved  this,  and  we  ought,  therefore,  to 
be  cautious  in  making  the  prognosis  of  such  cases. 

If  it  be  impossible  to  restore  the  circulation,  and  if  softening 
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has  once  occurred,  the  prognosis  is  bad,  provided  large  portions 
of  the  cord  are  affected.  If  there  is  softening  of  small  portions 
of  the  cord,  the  prognosis  should  depend  on  the  size  and  location 
of  such  spots. 

Treatment. 

Here  the  first  point  is  the  causal  indication.  If  we  succeed 
in  removing  the  causes  of  spinal  anaemia,  the  chances  of  restora- 
tion increase  considerably.  The  reader  is,  therefore,  merely 
reminded  of  the  treatment  of  aortic  thrombosis  and  embolism 
(proper  position,  stimulation  of  the  function  of  the  heart,  etc.), 
of  chlorosis  and  anaemia  (tonics  and  iron),  and  of  general  nerv^ 
ousness ;  of  the  removal  of  sources  of  peripheral  irritation,  etc. 
These  measures  vv^ill  generally  include  the  chief  part  of  the  treat- 
ment. 

As  direct  measures  for  the  relief  of  anaemia  of  the  cord,  we 
would  recommend  a  suitable  position,  in  order  to  favor  the  flow 
of  blood  to  the  cord.  Brown-Sequard  strongly  recommends  the 
dorsal  decubitus,  with  raised  head,  arms,  and  legs  ;  and  this 
should  be  maintained  during  the  night,  and  several  hours  in 
the  daytime. 

Drugs  which  increase  the  flow  of  blood  to  the  cord,  especially 
strychnia,  opium,  and  nitrite  of  amyl.  Brown-Sequard  recom- 
mends strychnia  above  all  others,  and  Hammond  strongly  sup- 
ports the  recommendation  ;  he  gives  it  in  increasing  doses  (0.002- 
0.015,  [gJ^  to  ^  of  a  grain],  three  times  a  day),  or,  still  better,  in 
combination  with  phosphorus  (extract  of  nux  vomica  0.02  {_\  of  a 
grain],  phosphide  of  zinc  0.006  [yV  of  a  grain]  ). 

Galvanization  of  the  spine,  with  the  object  of  dilating  the 
vessels  of  the  cord  and  improving  the  spinal  nutrition.  Ham- 
mond especially  recommends  the  ascending  stabile  current. 

Application  of  warmth  to  the  back,  by  means  of  hot  sand- 
bags, or  Chapman's  bags  filled  with  hot  water.  For  vaso-motor 
ischaemia,  alternate  cold  and  hot  douches  are  recommended. 

We  shall  also  seek  to  fulfil  the  symptomatic  indications 
(relief  of  pain,  paralysis,  disturbances  of  circulation,  etc.)  by  the 
usual  remedies  and  methods. 
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The  diet  and  regimen  must  be  governed  by  the  existing  indi- 
cations and  circumstances. 

3.  Hemorrhage  in  the  Substance  of  the  Spinal  Cord — Hce- 
matomyelia  {HcBmatomyelitis)  —  Hcemorrhagia  Medulla 
Spinalis — Spinal  Apoplexy. 

Compare  the  repeatedly  quoted  works  of  Ollimer  (IT.  p.  167),  Jaccoud  (  p.  251), 
Ilasse  (p.  667),  Hammond  (p.  440),  M.  Rosenthal  (p.  292),  and  Lcyden  (11.  p. 
54).  Also 

E.  Letier,  Beitr.  zur  Pathologic  der  Riickenmarksapoplexie.  Diss.  Bern,  1864  (con- 
taining all  the  older  cases). — Hayem,  Des  h6morrhag.  intra-rhachidiennes.  Paris, 
1873  (list  of  cases  complete  to  that  date). — BrescJiet,  H6matomy61ie.  Arch,  de 
m6d.  XXV.  1831. — GrisoUe,  Rev.  hebdom.  des  progr.  des  sci.  m6d.  1836.  No. 
3. — Mo7iod,  De  quelques  maladies  de  la  moelle  6pin.  Bull,  de  la  Soc.  anat. 
1846.  No.  18. — Cruveilhier,  Anatom.  pathol.  livr.  III.  pi.  VI. —  Gendrin,  De 
I'apoplexie  rhachidienne.  Gaz.  des  hop.  1850.  No.  48. — M.  Trier,  Hosp.  Med- 
delelser.  Bd.  IV.  1852  (quoted  in  Levier.  Schmidt's  Jahrb.  Bd.  78.  p.  293). 
— Leheau,  Cas  d'hfimatomy^lite.  Arch.  belg.  de  mid.  milit.  Janv.  1855.— 
Barat-Dulaurier,  Sur  les  h6morrh.  de  la  moelle.  Th6se.  Paris,  1859. — Duriau, 
De  I'apoplexie  de  la  moelle  Spin.  Union  mSd.  1859.  Nos.  20-25. — Brown- 
Sequard,  Paralysis  of  the  Lower  Extreni.  p.  86.  1861. — Colin,  Hemorrh.  de  la 
moelle.  Soc.  m6d.  des  hop.  1862. — Mouton,  Consid.  sur  I'hSmorrh.  rhachid. 
Thtise.  Strasb.  1867. — Sclmetzenherger,  Apoplexie  spinale.  Gaz.  med.  de  Strasb. 
1868.  No.  5. — Eoster,  De  pathogenic  der  apoplex.  meduU.  spin.  Nederl.  Arch, 
voor  Geneesk.  IV.  p.  426.  1870. — Gorsse,  De  rhSmorrh.  intramGdull.  etc. 
Thfese.  Strasb.  1870.— C.  0.  Joerg,  Fall  von  Spinalapoplexie.  Arch.  d.  Heilk. 
XI.  p.  526.  1870. — Bourneville,  H6morrh.  de  la  moelle  6p.  Gaz.  m6d.  de  Paris. 

1871.  No.  40. — Liouville,  H6matomy61ie  avec  angvrysmes.   Soc.  de  Biolog. 

1872.  — Erb,  Ueber  acute  Spinalltihmung.  Arch,  fiir  Psychiatric  u.  Nerven- 
krankh.  V.  1875.  Beob.  5.  p.  779.— Eichhorst,  Beitr.  zur  Lehro  von  der  Apo- 
plexie in  die  Riickenmarkssubstanz.  CharitG-Annalen  I.  (1874)  p.  192.  Berlin, 
1876.— 2?.  Goltdammer,  Zur  Lehre  von  der  Spinalapoplexie.  Virch.  Arch.  Bd. 
66.  1876. 

Definition.— The  above  titles  include  any  Mnd  of  extravasa- 
tion of  blood  in  the  substance  of  the  cord  proper.  This  is  as  rare 
as  meningeal  hemorrhage,  one  important  reason  for  which  is  cer- 
tainly the  low  and  comparatively  constant  pressure  of  the  blood 
in  the  small  spinal  arteries. 

The  intra-medullary  hemorrhages  are  seated  almost  exclu- 
sively in  the  gray  substance  ;  their  occurrence  in  the  white  sub- 
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stance  is  rare,  and  perhaps  is  never  spontaneous  and  primary. 
Their  extent  is  usually  small,  but  is  often  considerable,  and  may 
reach  to  the  whole  length  of  the  gray  axis. 

In  these  diffuse  cases,  it  seems  at  present  quite  doubtful 
(Charcot,  Hayem,  Koster)  whether  the  affection  is  a  primary 
idiopathic  hemorrhage,  and  not  rather  a  hemorrhagic  myeli- 
tis. This  is  certain,  at  least,  that  a  great  deal  has  been  classed 
as  hsematomyelia  which  is  not  included  under  spontaneous  and 
primary  bleeding  ;  such  cases  will  have  to  be  sifted  in  future.  It 
is,  no  doubt,  correct  that  in  many  cases  of  hsematomyelia  there 
is  simply  a  myelitis  complicated  with  hemorrhage  (myelitis  cen- 
tralis hsemorrhagica) ;  but  this  ought  by  no  means  to  be  so  ex- 
tended as  (with  Hayem)  to  include  all  bleeding  in  the  substance 
of  the  cord,  and  make  it  depend  on  previous  myelitis.  We  are 
decidedly  of  the  opinion,  particularly  upon  the  ground  of  clini- 
cal symptoms,  tlmt  primary  hemorrhage  of  the  cord  also  occurs, 
though  the  way  for  it  may  often  be  prepared  by  the  occurrence 
of  slight  alterations  in  the  vessels  or  the  cord.  A  case  which 
seems  to  us  to  be  very  convincing  in  this  regard  is  the  one  lately 
published  by  Goltdammer. 

The  chief  symptoms,  and  the  course  of  the  disease,  are  so 
alike  in  both  forms  that  we  may  treat  of  them  together.  We 
shall,  however,  return  to  the  iiitiammatory  hemorrhages  of  mye- 
litis at  a  later  point. 

Pathogenesis  and  Etiology. 

Our  knowledge  of  predisposition  to  hemorrhage  of  the  cord 
is  very  scanty.  The  small  number  of  cases  hitherto  reported 
seem  to  show  that  youth  and  middle  age  are  the  most  frequently 
attacked  (as  the  largest  number  occurred  between  the  ages  of  ten 
and  forty),  in  opposition  to  cerebral  apoplexy,  the  frequency  of 
which  increases  with  advanced  age. 

Men  are  attacked  much  oftener  than  women,  probably  on 
account  of  their  modes  of  life. 

It  is  not  known  how  far  the  occurrence  of  the  bleeding  is  fa- 
vored by  the  existence  of  heart  disease  (hypertrophy  of  the  left 
ventricle),  spinal  curvature,  etc. 
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It  is,  however,  certain  tliat  disease  of  the  spinal  vessels 
(thickening,  fatty  deposits,  increase  of  the  nuclei  in  the  walls, 
aneurysmal  dilatation— Liouville)  constitutes  an  important  pre- 
disposing cause.  The  same  is  true  of  chronic  affections  of  the 
cord  proper  (chronic  myelitis,  progressive  muscular  atrophy, 
tumors,  etc.),  which  often  are  brought  to  a  sudden  close  by 
hemorrhage.  The  influence  of  these  circumstances  may  reach  so 
far  as  to  give  rise  to  apparently  spontaneous  bleeding,  for  which 
reason  we  shall  again  speak  of  them  among  the  direct  causes. 

Among  these  direct  causes  we  have  to  name,  in  the  first  place, 
surgical  injuries.  Spinal  apoplexy  has  been  known  to  be  caused 
by  a  fall  or  blow  upon  the  back,  by  vertebral  fractures  and  dis- 
locations, by  violent  shocks  in  riding,  by  a  fall  down-stairs,  etc., 
without  any  direct  traumatic  lesion  of  the  cord. 

In  the  second  place,  all  circumstances  which  produce  a  strong 
actim  congestion  of  the  cord.  Such  are  exposure  to  cold,  sexual 
excesses  and  masturbation,  extreme  exertions  of  body,  and  the 
like.  Fluxions  originating  in  the  collateral  way  ought  also  to  be 
included,  as  the  cases  of  spinal  apoplexy  following  retention  or 
suppression  of  the  menses  (Levier,  Schuetzenberger),  or  sup- 
pressed hemorrhoidal  bleeding,  or  those  which  occur  in  the 
neighborhood  of  inflammatory  processes  in  the  vertebrae,  the 
dura,  etc. ;  and  with  these  should  be  included  the  spots  of  red 
softening  which  originate  in  embolism  of  the  spinal  arteries. 
And  finally,  inflammatory  congestion,  which  so  often  leads  to  capil- 
lary hemorrhage  in  acute  central  mj^elitis  and  similar  conditions. 

Anything  which  produces  a  disproportion  hetween  the  pres- 
sure within  and  that  without  the  hlood-vessels  may  give  rise  to 
hemorrhage  in  the  cord.  When  the  pressure  of  the  atmosphere 
is  rapidly  lessened  (in  going  out  of  caissons  where  the  air  is  com- 
pressed, used  in  the  construction  of  bridges,  or  out  of  diving- 
bells),  symptoms  have  been  seen  which  indicated  spinal  apo- 
plexy, but  this  has  not  yet  been  confirmed  by  autopsies.  A 
considerable  increase  of  the  blood-pressure  acts  in  a  similar  way  ; 
such  increase  occurs  in  the  case  of  excessive  cardiac  action,  or  in 
a  more  passive  way  it  is  due  to  impediments  to  the  circulation  in 
diseases  of  the  heart  and  lungs,  to  sudden  severe  bodily  exertion 
in  lifting  heavy  burdens,  in  severe  spasms,  etc. 
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Another  group  may  be  formed  of  those  causes  which  lessen  iJie 
resistance  of  the  walls  of  the  Mood-vessels,  and  thus  give  rise  to 
bleeding.  Here  should  be  mentioned  the  aneurysmal  dilatations 
of  minute  vessels,  as  found  by  Griesinger  and  Liouville ;  the 
fatty  degeneration,  thickening,  multiplication  of  nuclei,  etc.,  in 
the  walls  of  the  small  arteries,  which  are  often  found  in  micro- 
scopical examination  of  the  diseased  cord ;  perhaps  also  the 
chronic  processes  of  softening  and  inflammation  in  the  cord,  and 
tumors  of  the  cord  (especially  the  soft  myxoma  and  myxosarco- 
ma), in  the  interior  or  vicinity  of  which  bleeding  so  often  occurs. 
We  must  include  here  also  the  bleeding  which  in  rare  cases 
accompanies  hemorrhagic  affections  (scorbutus,  hemorrhagic 
small-pox,  etc.),  or  acute  infectious  diseases  (typhoid,  yellow 
fever,  malarial  diseases,  etc.) 


Pathological  Anatomy. 

SOCIE 

The  bleeding  is  mostly  confined — in  many  cases  exclusively 
so — to  the  gray  substance,  and  in  it  attains  very  various  dimen- 
sions. It  may  involve  the  gray  cornua  or  the  entire  transverse 
section  of  the  gray  substance,  and  may  extend  to  various  dis- 
tances longitudinally.  Bleeding  in  the  white  substance  is  much 
rarer,  and  is  almost  always  combined  with  bleeding  in  the  gray. 

Two  sorts  of  extravasation  may  be  distinguished  by  their  vis- 
ible characteristics,  which  may  coexist,  but  in  origin  and  appear- 
ance are  essentially  different. 

1.  The  liemorrhagic  {or  apoplectic)  clot. — We  find  a  clot  of 
blood,  of  variable  size,  as  big  as  a  pea,  an  almond,  or  at  most  a 
nut ;  often  showing  through  the  pia  as  a  bluish  lump,  while  the 
pia  is  pressed  up  and  often  burst  by  the  pressure,  so  that  blood 
is  found  in  the  subarachnoid  space.  The  clot  itself  is  composed 
of  blackish  red  blood,  coagulated,  and  sometimes  fluid  in  the 
centre.  The  substance  of  the  cord  is  broken  down  to  a  corre- 
sponding distance,  and  forms  a  sort  of  ragged  wall  around  the 
clot.  An  envelope  of  white  substance  commonly  surrounds  the 
clot ;  it  is  tinged  with  blood  (red  or  yellowish)  to  a  greater  or  less 
distance,  so  that  the  boundary  between  the  clot  and  the  sound 
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tissue  is  largely  obliterated.  The  clot  sends  out  processes  to 
various  distances  in  the  gray  substance,  and  between  the  bundles 
of  white  fibres. 

The  clot  is  almost  always  greater  lengthwise  of  the  cord  ;  the 
globular  form  is  usual  only  in  very  small  extravasations ;  con- 
siderable portions  of  the  gray  columns  are  commonly  aifected,  pro- 
ducing what  is  called  a  tubular  hemorrhage.  One  single  clot  is 
what  is  usually  found,  but  several,  or  many,  sometimes  occur. 
The  cervical  and  upper  dorsal  region  is  by  far  the  most  fre- 
quently affected,  though  of  course  not  always. 

The  microscope  shows  a  great  number  of  blood-corpuscles  in 
all  stages  of  decomposition  and  change ;  pigment  granules  and 
pigment  crystals,  fibrin,  broken-down  medullary  elements,  glob- 
ules of  myelin,  and  usually  granular  corpuscles  also. 

The  clot  undergoes  a  series  oi  further  cJianges  in  time;  it 
either  thickens  and  slowly  dries  up  to  a  crumbly,  caseous  lump, 
the  origin  of  which  is  denoted  by  its  color  and  the  presence  of 
crystals  of  hsematoidin,  or  the  process  of  softening  and  fluidifi- 
cation  occurs,  so  that  at  the  last  a  hard  capsule  of  connective 
tissue  is  found  filled  with  serous  or  atheromatous  contents. 
Smaller  extravasations  may  doubtless  be  absorbed,  for  the  most 
part,  and  leave  behind  only  a  small  cicatrix  of  connective  tissue, 
colored  ochre-yellow  by  deposits  of  crystalline  pigment. 

Secondary  disease  of  the  cord  is  very  often  found  in  the 
neighborhood  of  the  clot.  This  most  frequently  consists  of  soft- 
ening, which  extends  to  various  distances  up  and  down,  often  to 
nearly  the  whole  length  of  the  cord.  Hemorrhagic  softening  of 
the  gray  substance  is  especially  frequent,  by  which  it  is  changed 
into  a  porridge-like  mass,  sometimes  reddish  black,  sometimes  of 
a  chocolate  color,  and  sometimes  of  an  ochre-yellow  (see  the 
drawing  in  Cruveilhier) ;  in  these  cases  there  probably  always 
exists  a  primary  central  myelitis.  But  simple  white  softening 
also  occurs  in  the  neighborhood  of  the  clot ;  it  is  to  be  recog- 
nized by  its  characteristic  appearance  to  the  naked  eye,  and 
microscopically  by  the  numerous  granular  corpuscles,  broken- 
down  nerve-fibres  and  ganglion -cells,  the  vessels  in  fatty  degen- 
eration, and  the  proliferation  of  neuroglia.  In  older  cases  we 
find  secondary  ascending  and  descending  degeneration  of  the 


296   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

posterior  and  lateral  columns,  presenting  the  same  characteristics 
as  in  other  limited  disease  of  the  cord  (Goltdammer). 

2.  Hemorrhagic  infiltration  or  softening  ;  inflammatory  hem- 
orrhage. This  likewise  occurs  in  the  gray  substance  exclusively, 
and  is  either  limited  to  certain  cornua  or  extends  over  the  entire 
section,  but  rarely  spreads  to  the  white  substance.  It  has  been 
seen  with  an  extent  of  a  few  centimetres,  and  again,  reaching  the 
whole  length  of  the  cord. 

The  gray  substance  is  changed  to  an  atheromatous  mass,  red- 
dish brown,  dotted  with  darker,  blackish  red  points,  and  small 
coagula ;  the  blood  is  intimately  mingled  with  nerve-substance. 
Around  about  the  place,  at  various  distances,  the  cord  is  tinged 
unevenly  of  a  rusty  or  ochre  color. 

The  microscope  shows  essentially  the  same  elements  that  exist 
in  the  clot,  but  with  a  greater  prevalence  of  granular  corpuscles  ; 
traces  of  growth  of  connective  tissue  and  of  histological  changes 
in  the  nerve-fibres  and  ganglion-cells  are  also  found. 

The  latter  can  usually  be  traced  in  the  gray  matter  far  beyond 
the  limits  of  the  hemorrhagic  infiltration  ;  they  comprise  soften- 
ing, accumulation  of  granular  corpuscles,  thickened  and  swollen 
axis-cylinders,  like  strings  of  beads,  enormously  swollen  ganglion- 
cells  (Charcot),  abundant  proliferation  of  connective  tissue, 
excess  of  blood  in  the  smallest  vessels,  some  of  which  are  en- 
larged into  ampullfe  (Liouville),  while  in  other  cases  their  walls 
are  thickened  and  degenerated — in  a  word,  acute  central  mye- 
litis. 

Of  the  further  changes  occurring  in  such  hemorrhagic  infiltra- 
tions nothing  precise  is  known,  for  autopsies  are  usually  made  at 
an  early  period. 

Capillary  TiemorrTiages  proper — small  punctated  extravasations,  easily  recognized 
— are  rather  common ;  they  are  not  specially  important,  and  give  rise  to  no  clinical 
symptoms.  They  constitute,  however,  a  frequent  element  in  important  processes, 
softening,  and  the  like.  In  their  most  developed  form  they  are  simply  equivalent 
to  hemorrhagic  infiltration.  Eichhorst  has  lately  examined  under  the  microscope  a 
remarkable  case  of  hsematomyelia  with  widely-distributed  capillary  bleeding,  and 
has  given  a  careful  description.  We  are  not  able,  however,  to  agree  with  liim  in 
considering  this  case  as  a  primary  hemorrhage,  as  there  existed  paraplegia,  accom- 
panied by  fever,  gradually  extending  upward,  and  in  a  few  days  leading  to  death. 
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Clianges  in  the  spinal  meninges  are  not  specially  essential 
accompaniments  of  intra-medullary  hemorrhage.  There  is  al- 
most always  hypersemia,  corresponding  to  the  seat  of  hemor- 
rhage ;  rarely  ecchymoses. 

The  periplieral  nerves  and  muscles  often  undergo  a  marked 
degenerative  atrophy ;  this  depends  on  the  seat  of  lesion,  and 
probably  on  the  destruction  of  the  trophic  centres  of  these  or- 
gans. 

The  alterations  in  the  other  organs  are  the  same  as  in  the 
other  forms  of  severe  spinal  paralysis  (see  the  chapter  on  Myeli- 
tis). LEEDS  icWPST-Rlpfwr; 

Symptoms. 

Although  the  number  of  observations  is  somewhat  small, 
yet  it  is  possible  to  draw  a  tolerably  fair  outline  of  spinal  apo- 
plexy. 

The  attack  hegins  quite  suddenly  in  many  cases,  and  with 
fulminant  symptoms  ;  the  patient  is  struck  with  violent  pains 
and  sudden  paraplegia,  and  falls  without  loss  of  consciousness. 

The  hemorrhage  often  occurs  in  sleep,  and  the  patient  awakes 
paralyzed. 

But  the  disease  does  not  always  begin  so  very  suddenly,  be- 
ing often  preceded  by  premonitions,  which  either  consist  of  the 
symptoms  of  spinal  congestion  (pain  in  the  back,  excentric  pain 
and  parsesthesia  in  the  limbs,  great  weariness  and  prostration, 
hyperjesthesia  of  the  skin,  etc.),  lasting  perhaps  for  days  and 
weeks,  or  the  symptoms  of  acute  central  myelitis  (general  mal- 
aise, fever,  violent  pains,  formication,  the  sensation  of  a  girdle, 
of  heaviness  and  numbness,  distinct  weakness  in  the  extremities, 
weakness  of  the  bladder,  etc.),  and  these  usually  last  hours  or 
days,  until  the  apoplectic  paraplegia  appears. 

One  specially  characteristic  feature  of  spinal  apoplexy  is  the 
way  in  which  a  complete  and  severe  paraplegia  will  develop  in 
the  course  of  a  few  minutes  or  an  hour ;  this  is  usually  intro- 
duced by  a  violent  pain,  either  localized  or  extending  over  the 
entire  spinal  column,  but  usually  disappearing  after  the  palsy 
has  become  complete. 
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Such  patients  are  found  by  the  physician  with  complete  and 
absolute  palsy  of  the  legs,  or  the  palsy  may  extend  upwards  over 
the  trunk  and  even  to  the  upper  extremities ;  then  the  respira- 
tory muscles  are  palsied,  and  the  patient  becomes  a  picture  of 
helplessness,  breathing  painfully  and  imperfectly  with  the  aid  of 
the  diaphragm.  The  paralyzed  muscles  are  perfectly  lax,  offer- 
ing not  the  slightest  resistance  to  passive  movements. 

In  rare  cases  the  paralysis  is  incomplete,  some  movements  being  left,  or  there  is 
paresis  only.  In  one  case  a  single  upper  extremity  has  been  seen  palsied  (Bourne- 
ville);  hemiplegia  paralysis  is  also  rare,  and  always  affects  the  upper  extremity 
more  than  the  lower.  All  this  depends  on  the  position  and  extent  of  the  hemor- 
rhage. 

The  motor  paralysis  is  accompanied  by  ancesthesia  more  or 
less  complete  in  respect  to  all  possible  sensory  impressions  ;  this 
has  the  same  distribution  as  the  motor  paralysis.  It  is  obvious 
that  this  disturbance  may  vary  in  degree,  and  is  subject  to  ex- 
ceptions ;  but  a  certain  amount  of  anaesthesia  is  seldom  or  never 
absent. 

Paralysis  of  the  bladder  and  rectum  is  equally  regular ;  at 
first  there  is  complete  retention  of  the  urine,  requiring  the  em- 
ployment of  a  catheter,  and  afterwards  various  forms  of  inconti- 
nence ;  the  stools  are  evacuated  involuntarily  and  unperceived. 

Marked  naso-motor  paralysis  has  been  found  in  well-observed 
cases.  Levier  found  a  rise  of  temperature  in  the  paralyzed  lower 
half  of  the  body  (flexure  of  the  knee),  which  equalled  0.2 — 0.5 — 
1.0  —  2.0°  Centigrade  as  compared  with  the  axillary  measure- 
ments ;  a  symptom  which,  if  it  be  of  long  duration,  points  not 
merely  to  a  simple  severance  of  the  vaso-motor  paths,  but  also 
to  a  destruction  of  the  vaso-motor  centres  in  the  cord.  Levier 
found  the  cutaneous  perspiration  absent  in  the  paralyzed  parts. 

The  reflex  actions  vary  much  according  to  the  seat  of  lesion  ; 
they  are  completely  suspended  when  the  gray  substance  is 
wholly  destroyed  to  its  lowest  point ;  if  the  seat  of  the  hemor- 
rhage is  higher,  they  may  also  disappear  at  the  first  moment, 
owing  to  the  shock,  but  soon  return,  and  may  become  much 
exaggerated.  In  a  few  cases  priapism  is  given  as  one  of  the 
symptoms. 
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While  the  lower  half  of  tlie  body  is  thus  severely  affected,  the 
upper  half  may  be  perfectly  normal  and  healthy,  the  arms  may 
act  normally,  consciousness,  intelligence,  the  functions  of  the 
cerebral  nerves  remain  quite  intact.  At  the  most,  slight  febrile 
symptoms  appear  during  the  first  few  days. 

It  is  somewhat  striking  that  the  symptoms  of  irritation  are 
so  much  in  the  background.  Pain  in  the  hade  seems  the  most 
frequent,  and  may  be  localized  or  extensive  ;  the  spine  is  little  or 
not  at  all  sensitive  to  pressure,  a  high  degree  of  such  sensitive- 
ness being  probably  limited  to  myelitis. 

Although  symptoms  of  motor  irritation,  as  twitching  and 
partial  spasms,  are  observed  in  the  first  moments  of  the  hemor- 
rhage, yet  at  a  later  period  they  become  very  inconsiderable,  and 
spasmodic  symptoms  are  almost  entirely  confined  to  the  non- 
paralyzed  parts,  thus  marking  the  progress  of  the  fundamental 
lesion  or  the  supervention  of  secondary  affections.  Parsesthe- 
sise  may  be  wholly  absent  in  the  paralyzed  parts  ;  the  patients 
do  not  feel  their  limbs,  or  only  feel  them  as  a  dead  weight ;  in 
other  cases  tingling  or  similar  symptoms  are  felt  in  the  paralyzed 
regions. 

In  the  succeeding  days  and  weeks  these  symptoms  increase 
in  a  very  troublesome  way. 

The  first  threatening  symptom  is  usually  the  rapid  appear- 
ance and  the  steady  progression  of  gangrenous  hed-sores  on  the 
sacrum,  the  trochanters,  the  heels,  and  other  places  exposed  to 
pressure.  This  untoward  event  may  occur  in  a  few  days,  often 
in  its  most  acute  form. 

The  urinary  excretion  is  altered,  the  discharge  soon  becomes 
bloody,  purulent,  albuminous  ;  the  severe  palsy  of  the  bladder 
leads  directly  to  alkalescence  of  the  urine,  cystitis,  and  pyelitis 
with  their  sequelee. 

It  follows,  of  course,  that  these  severe  disturbances  are  always 
accompanied  by  marked  fever.  Chills  occur,  pyjemic  and  septi- 
cfemic  symptoms  are  developed  from  the  bed-sores,  and  rapidly 
consume  the  patient's  strength. 

The  paralyzed  muscles  become  atropine,  sometimes  very 
rapidly ;  and  the  atrophy  is  accompanied  by  a  loss  of  faradic 
excitability,  or  the  appearance  of  the  reaction  of  degeneration 
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ill  the  muscles.  A  few  muscles  become  rigid  or  contracted, 
especially  when  secondary  changes  in  the  cord  occur  at  a  late 
period ;  spontaneous  spasmodic  jerkings,  with  exaggeration  of 
reflex  action,  usually  precede  the  appearance  of  these  symptoms. 
But  if  the  lesion  is  located  high,  the  nutrition  of  the  muscles  and 
their  electrical  excitability  may  remain  nearly  intact,  as  in  the 
case  of  Goltdammer. 

The  rejlex  actions  disappear  by  degrees,  often  quite  rapidly 
and  completely ;  this  is  especially  the  case  in  central  mj^elitis, 
when  it  spreads  downward. 

It  is  usually  hard  to  recognize  the  symptoms  of  secondary 
myelitis;  violent  pains,  twitching  movements  and  Jerks,  the 
formation  of  contractures — all  this  often  in  parts  not  affected  by 
the  palsy — such  are  the  symptoms  which  belong  to  this  affection. 


It  is  evident  that  this  description  applies  in  full  only  to  the 
more  severe  cases,  with  large  effusion,  but  must  undergo  various 
modifications  according  to  the  seat,  size,  and  cause  of  the  hemor- 
rhage. It  seems  superfluous  to  attempt  a  full  presentation  of 
these  ;  the  reader  will  be  able  by  reflection  to  see  for  himself  the 
special  symptoms  of  a  small  limited  hemorrhage  ;  for  instance, 
that  in  the  anterior  cornua  it  will  produce  mainly  symptoms 
of  local  paralysis,  in  the  posterior  cornua  perhaps  very  incon- 
siderable symptoms,  etc.  It  should  in  particular  be  stated  that 
in  many  such  cases,  with  small  hemorrhage,  the  symptoms  are 
so  indecisive,  so  destitute  of  characteristic  traits,  as  to  furnish 
no  means  whatever  of  forming  a  diagnosis  of  hemorrhage.  This 
is  in  entire  accordance  with  what  we  know  of  spinal  pathology. 

Hayem  gives  the  name  of  ch-onic  spinal  apoplexy  to  the  cases  in  which  the 
hemorrhage  is  an  accompaniment  of  existing  chronic  spinal  disease.  He  quotes 
the  cases  of  Massot  (progressive  muscular  atrophy),  Nonat  (chronic  central  myelitis), 
Lancereaux  (peii-ependymal  myelitis).  In  all  these,  the  symptoms  of  bleeding 
were  more  or  less  acute  in  their  appearance.  In  our  opinion,  a  hemorrhage  in  the 
cord  cannot  be  chronic.  Such  cases  are  simply  instances  of  the  supervention  of  an 
acute  complication  (hemorrhage)  upon  a  chronic  spinal  disease;  not  at  all  of  a 
chronic  form  of  spinal  hemorrhage. 
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As  to  the  characteristic  symptoms  as  dependent  on  the 
locality  of  the  bleeding,  we  will  content  ourselves  with  a  few 
words. 

If  the  lumiar  region  is  affected,  the  symptoms  of  palsy  and 
anfesthesia  are  restricted  to  the  lower  extremities,  bladder,  and 
rectum  ;  reflex  actions  are  absent ;  rapid  atrophy  of  the  muscles 
with  reaction  of  degeneration,  bed-sores  at  an  early  period,  will 
rarely  fail  to  be  present. 

If  the  thoracic  region^  the  symptoms  extend  higher  up  on  the 
trunk.  The  expiratory  muscles  are  palsied,  and  those  which 
compress  the  abdomen ;  reflex  actions  may  be  retained  for  a 
time  ;  atrophy  of  the  muscles  is  tardy. 

If  the  cervical  region,  all  four  extremities  are  affected.  A 
portion  of  the  inspiratory  muscles  is  palsied;  pupillary  symp- 
toms may  be  present;  the  reflex  processes  and  nutrition  depend 
on  the  downward  progress  of  the  lesion.  If  the  bleeding  occurs 
above  the  origin  of  the  phrenic  nerves,  a  rapid  death  by  asphyxia 
is  inevitable. 

In  a  few  cases  (Monod,  Ore,  Breschet — quoted  in  Levier)  the 
hemorrhage  has  been  found  restricted  to  one  lateral  half  of  the 
cord,  with  the  characteristic  symptoms  of  Brown-Sequard's  spi- 
nal hemiplegia  (paralysis  of  the  side  corresponding  to  the  lesion, 
ansesthesia  of  the  other  side). 

Course,  duration,  termination. — The  course  depends  on  the 
size  and  location  of  the  hemorrhage,  and  in  part  also  on  the 
immediate  cause.  In  severe  cases,  especially  of  diffuse  central 
bleeding,  the  fatal  termination  occurs  very  soon  through  paraly- 
sis of  respiration  ;  or  secondary  changes,  acute  gangrenous  bed- 
sores, pyaemia,  and  septicsemia  soon  cause  death  amid  fearful 
suffering.  Charcot  believes  that  a  true  hsematomyelia  is  always 
fatal,  but  we  cannot  assent  to  this. 

If  the  bleeding  is  small,  the  case  may  be  protracted  a  very 
long  time,  until  at  last  death  occurs  from  bed-sores,  cystitis, 
fever,  marasmus,  and  other  complications. 

Partial  recovery  often  occurs  ;  the  lesion  in  the  cord  becomes 
cicatrized,  and  is  restored  to  as  normal  a  condition  as  is  possible. 
Motility  and  sensibility  return,  at  least  in  part ;  the  bed-sores 
heal,  the  vesical  palsy  disappears,  and  the  general  health  is 
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good.  But  usually  some  muscles  or  groups  of  muscles  remain 
paralyzed  and  atrophied. 

Complete  cure  is  doubtless  rare,  and  only  possible  when  the 
clot  is  very  small.  It  is  difficult  to  prove  that  it  has  taken  place, 
although  reports  of  cases  and  autopsies  are  very  decidedly  in 
favor  of  it. 

The  duration  must  vary  greatly.  Rapid  cases  terminate  in  a 
few  minutes,  hours,  or  days,  while  less  severe  ones  require  weeks, 
months,  or  even  years  before  death  appears,  or  a  moderate  degree 
of  improvement  is  gained. 

Diagnosis. 

This  is  chiefly  based  on  the  sudden  and  very  rapid  invasion 
of  paraplegia  without  much  motor  irritation,  upon  the  immedi- 
ate severity  of  the  symptoms,  and  the  very  severe  and  protracted 
course  of  the  disease.  The  decision  may  be  supported  by  the 
existence  of  a  reasonable  cause,  by  certain  prodromic  symptoms, 
the  absence  of  fever,  and  the  elevation  of  temperature  in  the  pal- 
sied parts. 

The  diagnosis  may,  at  any  rate,  be  difficult  in  slightly  marked 
or  complicated  cases,  and  the  disease  may  be  confounded  with 
various  others  which  resemble  it. 

It  is  hardly  possible  to  mistake  it  for  cerehral  apoplexy.  The 
retention  of  consciousness,  the  absence  of  all  symptoms  of  paral- 
ysis of  cerebral  nerves,  the  paraplegic  form  assumed  by  the  dis- 
ease, the  paralysis  of  the  sphincters,  etc.,  must  guard  us  from 
this.  And  even  in  difficult  cases,  such  as  certainly  occur,  we 
shall  not  fail  to  make  a  correct  diagnosis  if  we  carefully  attend 
to  the  symptoms. 

The  diagnosis  from  meningeal  hemorrJiage  will  usually  be 
eas3'"  (see  above) ;  in  the  latter  there  are  active  symptoms  of  irri- 
tation, hypersesthesia  and  pain,  violent  spasmodic  symptoms, 
while  paralysis  is  less  prominent ;  the  disturbances  of  sensibility 
are  quite  slight,  and  the  course  of  the  attack  is  rapid  and  favor- 
able. In  liJEmatomyelia  the  severity  of  the  paralytic  symptoms 
is  very  striking,  while  the  phenomena  of  irritation  are  quite  in 
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the  background ;  bed-sores  appear  quickly ;  tlie  disease  is  severe, 
often  fatal,  and  often  leaves  incurable  palsy  behind. 

The  chief  difficulty  is  that  which  attends  the  diagnosis  from 
acute  central  myelitis,  especially  as  the  hemorrhagic  form  of  the 
latter  is  included  in  spinal  apoplexy.  In  both  cases  there  is  a 
destruction  of  the  central  gray  substance,  and  the  only  point  of 
distinction  consists  in  the  rapidity  witJi  which  the  symptoms 
develop.  The  paraplegia  requires  hours  or  days  for  development 
in  simple  myelitis,  in  hseraatomyelia  minutes  or  quarters  of  an 
hour.  The  same  is  true,  of  course,  in  hemorrhagic  myelitis. 
We  may  say  that  the  greater  the  rapidity  of  development,  the 
more  prominent  is  the  element  of  hemorrhage.  In  distinguishing 
central  myelitis  from  spontaneous  hsematomyelia,  we  must  at- 
tend to  some  other  points ;  myelitis  begins  with  symptoms  of 
irritation,  pain,  slight  spasm,  the  vertebrae  are  sensitive  to  pres- 
sure, fever  may  be  present,  and  anaesthesia  and  parsesthesia,  par- 
tial palsy  and  weakness  of  the  bladder  precede  the  occurrence  of 
severe  paraplegia.  The  ascending  spread  of  central  myelitis  may 
also  be  contrasted  with  the  stationary  nature  of  the  symptoms  in 
hemorrhage.  B}^  the  aid  of  these  points  we  may  distinguish 
hsematomyelia  from  central  myelitis,  and  in  the  latter  we  may 
separate  the  simple  froni  the  hemorrhagic  form. 

Poliomyelitis  anterior  acuta  (or  acute  spinal  paralysis)  in 
adults  is  often  quite  like  hsematomyelia.  It  may,  however,  be 
sufficiently  distinguished  by  the  usual  presence  of  fever  at  the 
commencement,  the  entire  absence  of  all  sensory  disturbances, 
the  absence  of  palsy  of  the  bladder  and  of  bed-sores. 

The  diagnosis  from  ischcemic  paraplegia  will  usually  be  easy  ; 
although  at  the  beginning  it  much  resembles  hemorrhage,  yet 
severe  ischjEmic  paraplegia  occurs  only  in  cases  of  obstruction  of 
the  aorta,  and  the  latter  may  easily  be  recognized  by  the  pathog- 
nomonic symptoms  of  absence  of  the  femoral  pulse,  and  dis- 
turbed circulation  in  the  legs,  etc. 

The  diagnosis  of  the  level  of  the  seat  of  hemorrhage  is  made 
by  attending  to  principles  already  stated. 
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JPrognosis. 

Although  we  by  no  means  agree  with  Charcot's  view  of  the 
usually  fatal  character  of  hsematomyelia,  yet  the  prognosis  is 
almost  always  very  serious.  Large  central  hemorrhages  are 
always  fatal.  The  same  is  true  when  the  seat  is  at  a  very  high 
level. 

If  the  first  few  days  and  weeks  pass  without  bringing  very 
severe  complications,  the  prognosis  becomes  gradually  more 
hopeful.    But  complete  recovery  is  rarely  to  be  expected. 

But  even  when  the  disease  appears  favorable,  and  the  symp- 
toms are  slow  in  developing,  a  turn  for  the  worse  is  always  pos- 
sible. Besides  the  formation  of  bed-sores,  the  chief  thing  to  fear 
is  the  ascending  spread  of  central  myelitis. 

Small  circumscribed  hemorrhages  are  certainly  less  dangerous 
— if  they  can  be  recognized  at  all  during  life. 

For  the  rest,  a  prognostication  cannot  be  made  in  any  case 
without  a  careful  weighing  of  all  circumstances. 

Treatment. 

The  prophylactic  measures  are  inferrible  from  the  etiology. 
Such  causes  as  can  be  reached  will  be  attacked.  Retained  or 
suppressed  menses,  a  cessation  of  hemorrhoidal  bleeding,  heart- 
disease,  congestion  of  the  cord,  etc.,  will  also  receive  careful 
attention.  It  is  especially  needful  to  inquire  whether  the  symp- 
toms are  related  to  a  central  myelitis,  in  which  case  all  means 
will  be  used,  including  large  bleedings,  cold  applied  to  the  back, 
powerful  derivation,  mercury,  iodide  of  potassium,  etc. 

For  the  hemorrhage  itself,  little  can  usually  be  done  ;  by  the 
time  the  physician  arrives,  it  will  (unless  very  considerable)  usu- 
ally have  ceased  of  itself.  It  will,  however,  be  proper  to  take 
measures  for  preventing  a  recurrence  or  an  extension  to  other 
parts  of  the  cord,  especially  when  signs  of  plethora,  of  excited 
action  of  the  heart,  of  severe  spinal  congestion  are  present ;  we 
should  then  proceed  with  vigor  to  the  employment  of  local  and 
general  bloodletting,  free  application  of  cold,  maintenance  of  a 
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quiet  position  upon  the  side  or  abdomen,  with  the  internal  use 
of  digitalis  or  ergot  (or  still  better,  subcutaneous  injections  of 
ergotin),  purges,  application  of  warmth  to  the  extremities  ;  these 
are  the  remedies  here  applicable,  and  from  which  the  proper 
selection  must  be  made  in  each  case. 

Afterwards  we  have  to  treat  the  sequelfe.  Secondary  myelitis 
must  be  checked  by  the  use  of  such  means  as  are  indicated  in 
the  appropriate  section.  But  the  chief  object  will  lie  in  the  pre- 
vention of  severe  trophic  disturbances,  cystitis,  bed-sores,  etc., 
which  are  the  most  threatening  complications.  Nothing  but  the 
most  careful  and  self-sacrificing  attention  can  accomplish  this  ; 
for  directions  see  the  General  Division  of  this  work  (p.  192  et 
seq.) 

If  the  first  weeks  pass  without  serious  results,  we  may  at- 
tempt to  promote  the  resorption  of  the  extravasation  and  the 
repair  of  secondary  myelitis  by  iodide  of  potassium.  For  the 
same  purpose  we  would  advise  the  use  of  lukewarm  haths,  warm 
springs,  and  hrine  hatlis,  or  a  moderate  cold-water  cure,  and 
above  all,  the  scientific  application  of  galvanism. 

The  latter  is  also  the  chief  remedy  for  the  palsies,  atrophies, 
and  ansesthesias  which  remain  even  after  comparatively  favor- 
able cases. 

Special  indications  may  of  course  arise  in  each  case,  which 
need  not  be  enumerated  here. 

4.  Woimds,  CrusMng  or  Tearing  of  the  Cord  {Acute  Trau- 
matic Lesions). 

Ollivier,  loc.  cit.  I.  p.  246.-7.  Hahn,  Paraplegics  par  cause  externe  oit  traumatique. 
Tlifese.  Strasb.  IQQd.—Leyden,  loc.  cit.  I.  pp.  310  and  321  ;  II.  pp.  84  and 
1^9.— M.  Rosenthal,  1.  c.  p.  331.—^.  Ourlt,  Handbuch  der  Lchie  von  den 
Knochenbriiclien.  II.  1.  1864.— Z«««e,  Recovery  from  Fracture  of  tlie  Spine. 
Amer.  Journ.  Med.  Sci.  1857.  Oct.  p.  361.  — TJjieWe,  Greifsw.  mod.  Bcitr.  1863. 
I.  p.  12.  — Foi7<,  Liihmiing  dcr  vasomotorischen  Unterlcibsnerven  uach  Riicken- 
marksvcrletzung.  Wdrzb.  med.  Zcitschr.  VII.  p.  248.  \SQ<S.— Quincke,  Elnigc 
Fiillc  excessiv  hoher  Todestempcratur.  Berl.  kb"n.  Wochenschr.  18G9.  No. 
29.—Fronm.ueUer,  sen.,  Die  Riickenmarkszerreissung.  Memorabil.  1870.  No. 
12.— M'Bonnel,  Fracture  of  tlie  Spine.  Dublin  Quart.  Journ.  1871.  "Vol.  51. 
p.  215.— ir.  Mueller,  Bcitr.  zur  patbol.  Anat.  und  Pliysiol.  des  R.-M.  Leipzig, 
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1871.  Beob.  1. — Niedei;  Lowered  Temperature  in  Injury  of  Spinal  Cord.  Med. 
Times.  1873.  I.  p.  154. — Steudener,  Zur  Casuistik  der  Herzwunden  (Schuss 
audi  durchs  R.-M.).  Berl.  klin.  Woclienschr.  1874.  No.  7. 

We  here  include  a  large  group  of  disturbances,  in  the  full 
consciousness  that  the  bond  which  unites  them  is  somewhat 
loose.  All,  however,  have  one  thing  in  common  ;  they  possess 
an  acute  traumatic  lesion  of  the  substance  of  the  cord^  which 
leads  to  a  destruction  of  the  organ,  usually  limited  as  to  its  longi- 
tudinal extension,  of  variable  extent  in  the  transverse  direction, 
and  inevitably  followed  by  a  traumatic  myelitis,  similarly  local- 
ized. This  circumstance  imparts  to  all  these  lesions  (they  in- 
clude wounds  by  cutting,  stabbing,  and  shooting,  compression, 
crushing,  and  tearing  of  the  cord)  a  great  general  resemblance, 
which  from  a  practical  point  of  view  justifies  their  association  in 
one  group. 

Etiology. 

Severe  traumatic  lesions  of  the  cord  are  hardly  possible,  un- 
less the  bony  envelope,  the  spinal  column,  is  injured  at  the  same 
time. 

There  are  but  few  spots  (in  the  upper  cervical  and  the  lumbar 
regions)  where  the  instrument  of  offence  or  the  foreign  body  can 
reach  the  cord  without  injuring  the  spine,  by  passing  in  through 
the  vertebral  fissures. 

It  may  be  regarded  as  a  very  rare  occurrence  for  severe  trau- 
matic lesions  of  the  cord  to  take  place  without  considerable  in- 
jury to  the  bones  or  the  soft  parts. 

By  far  the  most  common  and  important  causes  of  these 
lesions  of  the  cord  consist  of  fractures  and  luxations  of  the 
'certebrcR.  All  injuries  which  occasion  these  fractures  or  luxa- 
tions may,  therefore,  be  regarded  as  remote  causes  of  lesion  of 
the  cord. 

Wherever  fracture  of  a  vertebra  occurs,  with  displacement  ot 
the  fragments  towards  the  vertebral  canal,  wherever  in  luxation 
the  vertebrae  are  so  transposed  as  to  narrow  the  vertebral  canal, 
there  it  is  inevitable  that  severe  lesions  of  the  cord,  compression 
and  crushing,  or  even  local  destruction  and  tearing  apart,  should 
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occur.  Owing  to  the  width  of  the  spinal  canal  and  the  loose 
attachment  of  the  cord,  a  considerable  intrusion  is  necessary 
before  the  latter  is  likely  to  be  injured  ;  and  yet  the  lesions  we 
have  mentioned  are  among  the  most  common  sequelae  of  frac- 
tures and  dislocations  of  the  vertebra3.  Hence  the  great  danger 
connected  with  these  surgical  events. 

We  have  no  space  here,  nor  are  we  called,  upon,  to  enter  upon  any  details  respect- 
inf  the  causes  and  the  occurrence  of  vertebral  fractures  and  luxations,  the  displace- 
ments  which  occur,  their  degree  and  direction,  and.  their  consequences.  The  reader 
is  referred  to  the  proper  works  on  surgery,  especially  the  exhaustive  treatise  by 
Qurlt.  It  is  sufficiently  evident  that  lesions  of  the  cord  may  occur  in  cases  of  appa- 
rently spontaneous  injury  to  the  vertebraj,  such  as  the  sudden  breaking  down  o£ 
carious  bone. 

That  these  traumatic  lesions  may  occupy  any  conceivable  sit- 
uation is  plain ;  they  have  been  observed  from  the  atlas  and  axis, 
the  fracture  and  dislocation  of  which  are  usually  so  rapidly  fatal, 
down  to  the  lumbar  spine  and  even  the  sacrum,  in  any  of  which 
regions  the  cord  or  the  cauda  equina  may  be  more  or  less  in- 
volved. 

In  the  second  place,  we  would  mention  gunshot  injuries  of 
the  cord,  which  form  an  important  chapter  in  military  surgery. 
They  are  probably  always  complicated  with  gunshot  fracture  of 
tlie  vertebrae,  and  the  lesion  of  the  cord  is  due  either  to  the  latter 
or  directly  to  the  entrance  of  the  ball  into  the  medulla.  These 
cases,  therefore,  always  involve  complicated  fractures  of  the  ver- 
tebrae, with  wounds  which  are  often  gangrenous,  contain  various 
foreign  bodies,  etc.;  in  short,  all  possible  unfavorable  circum- 
stances. 

Not  every  shot  which  strikes  the  spine  is  equally  dangerous 
to  the  cord;  the  lesion  is  not  rarely  confined  to  meningeal  hemor- 
rhage, concussion,  etc.,  which  are  infinitely  less  dangerous  than 
actual  wounds  of  tlie  cord. 

Stabs  and  cuts  of  the  spinal  cord  are  rarer.  Blows  from 
knives,  swords,  and  daggers  have  been  repeatedly  observed  to 
enter  the  cord,  the  point  of  the  instrument  having  entered  the 
canal  either  by  dividing  the  vertebral  arches  or  by  passing 
through  the  intervertebral  spaces.  The  injury  may  vary  in 
extent ;  the  point  may  have  merely  entered,  or  the  cord  may  be 
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cut  througli  in  various  ways,  partially  or  wholly.  The  foreign 
body  (point  of  a  sword,  broken  knife-blade)  may  then  remain 
sticking  in  the  cord  or  vertebrae.  In  like  manner,  in  fractures, 
pointed  fragments  of  bone  may  injure  the  cord  and  maintain  a 
permanent  irritation. 

Finally,  severe  concussion  of  the  body,  such  as  is  produced 
by  a  heavy  fall  on  the  back,  rump,  or  feet,  or  by  the  striking  of 
heavy  bodies  upon  the  back,  has  been  observed  in  a  few  cases  to 
be  followed  by  considerable  lesions  of  the  cord  (extravasation, 
destruction,  etc.)  without  injury  of  the  vertebral  column.  Thus, 
Fronmueller  found  a  complete  mashing  of  the  dorsal  medulla  of 
the  extent  of  three  and  one-half  centimetres  in  a  person  upon 
whose  back  a  heavy  beam  had  fallen  without  injuring  the  spinal 
column.  These  cases  may  also  be  counted  in  with  the  severest 
forms  of  spinal  concussion,  and  can  only  be  distinguished  from 
the  latter  by  the  coarse  anatomical  lesion.  Parrot  once  found 
the  cord  of  a  new-born  infant  torn  apart  by  excessive  traction 
during  labor. 

Pathological  Anatomy. 

The  lesions  of  the  spine  and  other  neighboring  parts  which 
cause  or  accompany  injury  to  the  spinal  cord  need  not  occupy 
us  further ;  we  refer  our  readers  to  the  text-books  on  surgery 
and  pathological  anatomy. 

In  the  cord  itself  we  observe  various  phenomena  : 

1.  Simple  incised  or  'punctured  wounds.  At  first  a  wound  of 
various  size  and  depth,  filled  and  closed  with  curdled  blood  ; 
the  edges  of  the  cut  often  projecting  over  the  pia.  A  foreign 
body  (point  of  a  knife  or  dagger,  splinter  of  bone)  is  often  found 
in  the  wound.  The  size  of  the  wound  differs :  it  involves  various 
portions  of  the  transverse  section  of  the  cord,  one  or  the  other 
white  column,  more  or  less  of  the  gray  substance ;  often  one 
lateral  half  is  severed,  rarely  the  whole  (J.  L.  Petit,  Vogt). 

In  a  few  days,  and  at  subsequent  periods,  the  edges  of  the 
wound  are  still  further  protruded,  are  colored  a  brown-red,  and 
more  or  less  covered  with  pus  ;  their  vicinity  is  hyperasmic,  more 
or  less  softened ;  filled  with  little  extravasations  of  blood ;  puru- 
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lent  infiltration  or  actual  abscess  of  the  cord  is  rarer.  The  menin- 
ges, at  the  same  time,  are  reddened  and  inflamed,  covered  with 
fibro-pnrulent  exudation,  and  abound  in  capillary  hemorrhages  ; 
at  a  distance  they  are  opaque,  thickened,  adherent ;  the  spinal 
fluid  is  increased,  turbid,  reddish. 

It  has  often  been  demonstrated  in  animals,  and  is  probable, 
though  not  sufficiently  proved,  in  the  case  of  man,  that  in  favor- 
able instances  the  edges  of  the  wound  heal,  and  a  cicatrix  of 
connective  tissue  repairs  the  injury.  It  is  not  yet  certain  how 
far  the  nerve-elements  are  restored. 

2.  Crushing  of  the  cord  produces  a  softening  and  disintegra- 
tion corresponding  to  the  size  of  the  crushing  body,  usually 
associated  with  hemorrhage,  but  not  always  with  tearing  of  the 
meninges.  The  medullary  substance  is  changed  into  a  soft  black- 
red  or  chocolate-colored  mass,  sometimes  rather  grayish,  com- 
posed of  blood  and  debris  of  nerve-substance,  showing  its  color 
through  the  pia,  which  is  suffused  with  blood  to  a  greater  or 
less  extent.  The  crushed  spot  is  usually  flat,  constricted,  and 
thin. 

Great  hypersemia  presently  appears  in  the  j)arts  adjoining, 
with  progressive  inflammatory  softening  ;  the  medulla  swells, 
the  outlines  seen  in  section  become  obliterated,  the  consistency 
of  the  medulla  diminishes ;  it  imbibes  at  first  a  reddish,  after- 
wards a  yellowish  tint,  and  is  full  of  small  extravasations.  The 
microscope  shows  in  the  immediate  vicinity  many  granular-cor- 
puscles, detritus  of  myelin,  decomposed  blood-corpuscles,  pig- 
ment, and  blood-crystals ;  also  inflammatory  swelling,  and  after- 
wards break-down  of  nerve-fibres,  axis-cylinders,  and  remnants 
of  ganglion-cells  ;  in  short,  the  ruins  of  the  medullary  substance 
mingled  with  the  products  of  its  own  acute  traumatic  inflam- 
mation. 

After  a  few  weeks,  a  thin,  gray- yellow,  semi-fluid  mass  is 
found  at  the  place  which  was  crushed,  partially  enclosed  in  a 
structure  of  young  connective  tissue;  the  swelling  of  neigh- 
boring parts  continues,  they  are  closely  adherent  to  the  mem- 
branes, their  color  is  grown  paler,  and  is  now  a  grayish  yellow  ; 
a  distinctly  demonstrable  simple  softening  is  prolonged  to  some 
distance  above  and  below.    The  lower  portion  of  the  cord  is 
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especially  apt  to  be  found  softened  throughout  its  whole  extent. 
Actual  abscesses  are  seldom  found.  The  characteristic  secondary 
degeneration  of  the  posterior  and  lateral  columns,  ascending  in 
the  former  and  descending  in  the  latter,  is  a  pretty  regular  oc- 
currence. 

If  the  wounded  man  lives  longer,  the  destroyed  medulla  is 
by  degrees  absorbed,  and  in  its  place  a  sort  of  cicatrix  is  formed 
of  young  connective  tissue,  abounding  in  fluid,  which  grows 
harder  and  encloses  here  and  there  cystic  spaces  of  various  size. 
A  full  regeneration  of  the  nerve-substance  is  not  known  to  occur 
in  man. 

3.  Complete  severance  of  the  cord  is  recognized  by  the  fact 
that  the  two  ends  of  the  cord  are  separated  by  a  space  which 
may  amount  to  three  centimetres  or  more,  in  which  case  the  pia 
is,  of  course,  also  torn,  while  the  dura  may  remain  uninjured,  or 
nearly  so. 

The  space  is  filled  with  a  semi-fluid  mass,  partly  composed  of 
blood,  at  first  dark,  afterwards  rather  of  a  chocolate  or  gray 
color.  Inflammatory  softening  occurs,  as  after  crushing,  and 
extends  more  or  less  upward  and  downward.  If  the  patient  lives 
long  enough,  the  commencement  of  cicatrization  and  junction  of 
the  ends  may  be  observed. 

4.  Hemorrliagic  destruction  of  the  substance,  caused  by 
simple  concussion,  is  quite  like  a  hemorrhagic  softening  with  all 
its  consequences. 

The  secondary  changes  in  the  other  organs  of  the  body,  bed- 
sores, cystitis,  disease  of  the  kidneys,  etc.,  are  the  same  as  in 
other  forms  of  severe  spinal  paralysis,  and  will  be  more  fully 
described  under  myelitis. 

Symptoms. 

For  the  sake  of  distinctness  in  the  presentation,  we  make  two 
groups,  the  one  {a)  containing  comparatimly  slight  injuries  of 
the  cord,  the  simple  incised  and  punctured  wounds  ;  the  other 
(5)  embracing  all  the  more  serious  lesions,  squeezing,  crushing 
and  tearing  of  the  cord.  It  need  hardly  be  said  that  between 
these  two  classes  there  exist  transitions,  and  numerous  analogies, 
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botli  as  respects  the  anatomical  changes  and  the  symptoms, 
course,  and  termination  of  individual  cases. 

a.  The  symptoms  which  indicate  that  an  injury  by  cutting^ 
or  stabbing^  in  the  neighborhood  of  the  spine,  has  penetrated  the 
cord,  will  be  at  first  those  of  partial  or  total  interruption  of  con- 
duction in  the  cord,  which  extends  to  the  portions  behind  the 
seat  of  injury,  and  is  not  merely  confined  to  the  district  of  the 
nerve-roots  which  lie  at  the  point  of  injury. 

This  interruption  of  conduction  m?Lj  vary  in  extent  and  dis- 
tribution, according  to  the  seat  and  extent  of  the  injury.  Almost 
all  the  experiments  in  the  physiology  of  the  cord  consist  in  the 
infliction  of  such  simple  injuries  by  section,  and  all  varieties  of 
symptoms  may  be  imagined  in  connection  with  them. 

At  the  moment  the  injury  is  received,  there  is  usually  a 
motor  paralysis  of  various  extent  in  the  form  of  paraplegia,  or 
spinal  hemiplegia,  or  hemiparaplegia,  or  even  paralysis  of  the 
trunk,  and  all  four  extremities.  With  this  is  usually  asso- 
ciated sensory  paralysis,  due  to  the  injury,  and  correspondingly 
of  very  various  extent.  It  may  be  paraplegic,  or  may  be  lim- 
ited to  one  side,  and  in  the  latter  case  is  upon  that  opposite  to 
the  lesion  and  the  motor  palsy;  it  may  be  quite  circumscript ;  it 
may  affect  certain  qualities  of  sensation  only,  as  the  sense  of 
touch,  the  muscular  sense,  etc.  In  cases  of  very  restricted  lesion, 
hyperesthesia  (in  the  form  of  a  girdle,  or  otherwise  distributed) 
is  often  found. 

If  the  injury  is  of  any  considerable  extent,  paralysis  of  the 
bladder  and  rectum  is  always  present ;  at  first  with  complete 
retention  of  urine,  which  soon  gives  place  to  equally  complete 
incontinence,  while  the  evacuation  of  faices  takes  place  involun- 
tarily and  unperceived.  Close  examination  usually  detects  also 
vaso-motor  palsy  (elevation  of  the  temperature  of  the  skin,  in- 
creased redness)  in  the  regions  affected  by  the  motor  palsy. 

The  reflex  actions  are  usually  totally  suspended  at  the  first 
moment  under  the  shock  of  the  injury,  but  soon  return,  and 
may  become  exaggerated.  This  depends,  of  course,  upon  the 
seat  of  lesion. 

If  we  add  to  this  the  girdle-pains  which  are  usually  present, 
corresponding  with  the  seat  of  lesion,  and  due  to  injury  of  the 
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roots,  and  the  symptoms  whicli  depend  on  injury  of  the  bones 
and  soft  parts,  we  have  a  pretty  complete  picture  of  the  condi- 
tion of  the  patient  during  the  first  few  days  after  the  accident. 

This,  however,  is  soon  complicated  by  the  symptoms  of  sec- 
ondary traumatic  myelitis.  Usually  the  inflammation  is  trans- 
verse in  its  distribution,  covering  nearly  the  whole  breadth  of  the 
cord,  but  having  little  extension  in  the  longitudinal  direction. 
The  fever  usually  lasts  but  a  few  days.  Striking  symptoms  of 
irritation  now  commonly  appear  ;  pains  encircling  the  trunk  like 
a  girdle,  active  pains  in  the  paralyzed  parts,  hypersesthesia  of 
various  extent  in  the  skin,  also  spasmodic  conditions,  twitching 
and  contractures  of  single  muscles  and  groups.  The  palsy  at  the 
same  time  increases  rapidly  in  the  transverse  direction  without 
extending  much  upwards,  i.  e.,  it  seizes  by  degrees  "upon  the 
motor  paths  passing  the  injured  spot,  which  were  at  first  unaf- 
fected (the  sensory  and  vaso-motor  paths,  bladder,  rectum,  etc.), 
without  any  considerable  change  in  the  upper  limit  of  the  lesion. 
The  reflex  actions  are  decidedly  increased,  but  may  at  a  later 
period  cease  entirely,  when  the  process  has  extended  to  the  bot- 
tom of  the  cord.  If  foreign  bodies  remain  in  the  wound,  the 
symptoms  of  irritation  reach  a  still  higher  point,  with  very 
severe  pains,  violent  spasms  and  contractures. 

At  a  later  period  bed-sores,  with  all  their  consequences,  ap- 
pear— pysemia  and  septicaemia,  cystitis,  etc. 

According  to  the  height  at  which  the  lesion  is  situated,  other 
symptoms  may  arise  to  complicate  the  case  ;  we  need  not  men- 
tion them  all.  The  higher  the  injury,  the  more  prominent  are 
the  disturbances  of  respiration,  and  the  more  threatening  their 
import. 

b.  The  symptoms  which,  accompanying  severe  lesions  of  the 
spine  or  other  places,  indicate  that  the  cord  is  criLsTied  or  torn, 
are  usually  those  of  complete  and  very  severe  paraplegia.  The 
posterior  portion  of  the  body  is  absolutely  paralyzed,  with  cor- 
responding complete  anaesthesia,  limited  quite  sharply  above ; 
the  reflex  actions  are  depressed  or  suspended,  seldom  increased  ; 
the  bladder  is  paralyzed  to  a  severe  degree,  causing  retention  of 
urine  and  frequently  an  enormous  distention  of  the  organ ;  the 
intestine  is  paralyzed,  producing  meteorism  ;  the  rectum  is  para- 
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lyzed,  with  involuntary  evacuations ;  the  vaso-motor  paths  are 
paralyzed,  with  elevated  temperature  in  the  posterior  half  of  the 
body,  and  in  many  cases,  in  men,  more  or  less  severe  and  persist- 
ent erections  of  the  penis  ;  the  excretion  of  urine  is  lessened  or 
suppressed,  etc.  To  this  add  (to  complete  the  picture)  the  symp- 
toms due  to  fracture  of  the  vertebrae,  or  the  like,  as  pain,  immo- 
bility, displacement,  etc. 

All  these  symptoms  follow  naturally  from  the  lesion  of  the  cord.  The  motor, 
sensory,  and  vaso-motor  palsies  are  direct  consequences  of  the  interruption  of  con- 
duction in  the  cord.  The  suppression  of  reflex  acts  which  is  found  even  where 
the  reflex  centres  are  not  directly  injured,  is  the  result  of  the  severe  shock  suffered 
by  the  cord ;  after  the  lapse  of  some  hours  or  days  the  reflex  centres  recover,  the 
reflex  actions  reappear,  and  may  even  exhibit  considerable  increase  if  circumstances 
permit.  The  same  is  true  of  the  vaso-motor  centres,  especially  for  those  which 
preside  over  the  evacuation  of  urine,  situated  in  the  lumbar  cord ;  the  shock,  com- 
bined with  the  crushing,  paralyzes  tliese  centres  first,  whence  the  comjilete  retention 
of  urine  in  the  excessively  distended  bladder,  which  exists  even  in  cases  where  the 
lumbar  cord  is  not  the  seat  of  the  crushing  lesion.  If  the  centres  recover,  occa- 
sional complete  evacuations  of  the  bladder  occur  quite  involuntarily,  and  usually 
unperceived;  thus,  Steudencr  found  a  powerful  contraction  of  the  bladder  occur- 
ring regularly  as  soon  as  the  catheter  in  the  urethra  irritated  the  fossa  navicularis — 
a  phenomenon  which  is  in  perfect  accordance  with  jihysiological  facts  observed  by 
Goltz.    At  a  later  time  the  urine  begins  to  drip  continually. 

The  priapism  which  is  so  frequent  an  occurrence  in  severe  fractures  of  the  verte- 
brae is  far  more  difficult  to  explain.  It  is  most  common  in  connection  with  crushing 
of  the  cervical  portion,  rarer  with  that  of  the  dorsal  region,  and  never  occurs  with 
fractures  from  the  third  lumbar  vertebra  downwards.  In  many  cases  the  erection 
has  been  observed  directly  after  the  injury;  ejaculation  at  the  same  time  has  oc- 
curred in  a  few  cases.  The  erection  is  either  powerful,  or  lax  and  incomplete ;  it 
is  either  not  felt  at  all,  or  is  painful ;  at  a  later  period  it  may  diminish,  and  may 
be  again  produced  by  catheterism  or  other  irritations. 

— It  is  not  hard  to  form  a  plausible  theory  of  the  occurrence  of  this  phenomenon, 
based  on  known  facts;  though  it  must  be  confessed  that  the  subject  is  obscure  in 
several  respects.  It  is  best  explained  by  the  assumption  of  an  irritation,  at  the 
point  of  lesion,  of  those  paths  leading  from  the  brain,  the  duty  of  which  is  to  ex- 
cite the  centre  for  erections  in  the  lumbar  cord.  If  it  be  objected  that  the  centres 
in  the  lumbar  cord  are  usually  paralyzed  at  the  outset,  and  that  the  complete  paral- 
ysis of  the  bladder  is  in  contradiction  with  the  assumption,  it  may  be  answered 
that  the  symptom  of  priapism  is  common,  in  proportion  to  the  remoteness  of  the 
lesion  from  the  lumbar  cord,  and  in  proportion  to  the  probability  that  the  latter 
region  retains  its  activity ;  and  furtlier,  that  the  excitability  of  the  centres  for 
erection  need  not  be  equal  to  that  of  the  centres  for  the  bladder  ;  and  that  we  are 
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ignorant  of  the  precise  condition  of  tlie  latter  centres  and  tlieir  reflex  excitability, 
in  cases  of  permanent  erection.  If  we  take  into  view  the  symptom  of  ejaculation, 
which  can  certainly  be  nothing  but  a  symptom  of  irritation,  the  assumption  of  irri- 
tation of  the  paths  which  give  rise  to  erection  will  be  found  the  more  plausible. 
We  cannot  see  how  in  such  cases  priapism  can  be  regarded  as  a  phenomenon  of 
paralysis,  unless  it  be  of  vaso-motor  paralysis.  At  a  later  period — and  perhaps  at 
the  beginning  in  many  cases — there  is  no  doubt  that  reflex  irritation  (as  that  origin- 
ating in  a  distended  bladder,  the  introduction  of  a  catheter,  bed-sores,  etc.)  may 
give  rise  to,  and  sustain,  the  erections. 

If  the  above  group  of  symptoms  should  allow  the  slightest 
doubt  of  the  existence  of  a  severe  lesion  of  the  cord,  if  the  case 
should  at  first  be  taken  for  one  of  severe  simple  concussion,  a  few 
days'  delay  will  usually  bring  full  evidence  of  the  real  condition. 
At  that  time  fever  appears  ;  the  symptoms  of  acute  traumatic 
mj^elitis  become  more  and  more  distinct ;  bed-sores  appear,  and  in- 
crease rapidly  and  steadily  ;  if  the  lumbar  region  is  crushed,  there 
is  rapid  atrophy  of  the  leg-muscles  with  loss  of  electrical  reac- 
tion ;  the  urine  becomes  bloody,  purulent,  ammoniacal,  etc.  The 
temperature,  especially  when  the  cervical  region  is  crushed,  often 
rises  continuously  and  to  an  excessive  height  (43°-44°  C.  [109°  to 
111°  Fahr.],  Brodie,  M'Donnel,  Quincke,  and  others) — the  rise 
which  occurs  in  the  neuro-j)aralytic  agony.  In  other  cases, 
when  the  dorsal  portion  has  been  injured,  the  temperature  has 
been  abnormally  low  for  some  days  before  death  (Nieder).  For 
the  interpretation  of  these  symptoms  we  refer  to  page  128  et  seq. 

Thus  the  most  severe  cases  are  rapidly  brought  to  an  end  by 
complications — such  as  palsy  of  respiration,  disturbances  of  cir- 
culation, pyaemia,  neuro-paralytic  agony,  and  so  forth. 

The  disease  is  by  no  means,  however,  always  so  severe  ;  there 
are  cases  of  partial  crushing,  where  a  fortunate  accident  has 
saved  a  portion  of  the  transverse  section  from  destruction,  of 
which  the  result  is  partial  paralysis  (Ollivier,  Obs.  25  and  26). 
The  entire  process  is  milder  and  less  dangerous.  This  is  not  the 
place  even  to  touch  upon  all  the  possible  cases  of  such  partial 
lesion ;  we  need  only  say  that  the  literature  of  the  subject  of 
fractures  of  the  vertebrae  contains  cases  of  all  possible  degrees  of 
severity. 

The  symptoms  differ,  of  course,  in  correspondence  with  the 
level  at  which  the  lesion  may  be  seated. 
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If  the  cervical  portion  is  affected,  death  usually  occurs  at 
once,  if  the  lesion  is  at  the  height  of  the  first  or  second  cervical 
vertebra,  e.  g.,  in  luxation  of  the  odontoid  process;  and  death 
is  almost  as  speedy  when  the  lesion  is  above  the  origin  of  the 
phrenic  nerves.  All  four  extremities  are  then  paralyzed,  while 
the  respiration  is  so  difficult  as  only  to  be  maintained  by  the 
forced  and  anxious  action  of  the  auxiliary  muscles  of  respira- 
tion ;  the  speech  and  voice  are  weak,  and  swallowing  is  difficult. 
If  the  cervical  enlargement  below  the  phrenic  nerves  is  the  seat 
of  lesion,  the  expiration  is  chiefly  affected  ;  the  legs  are  wholly 
paralyzed,  the  arms  more  or  less  completely  so ;  the  sensibility 
of  the  arms  may  be  partially  retained  ;  reflex  actions  are  retained, 
often  exaggerated  ;  M'Donnel  even  saw  co-ordinated  reflex  actions 
(the  left  hand,  in  a  state  of  absolute  palsy,  made  a  movement  to 
seize  the  genitals  during  the  act  of  catheterization)  ;  priapism  is 
very  frequent ;  life  may  be  retained  for  a  considerable  time. 

If  the  lesions  are  in  the  dorsal  region,  the  arms  are  free,  and 
the  trunk  is  palsied,  up  to  an  uncertain  height ;  the  legs  are  more 
or  less  paralyzed,  often  unilaterally,  with  crossed  anaesthesia ; 
the  expiration  is  less  impeded,  the  voice  and  speech  are  some- 
what affected  ;  the  reflex  actions  are  retained  and  exaggerated  in 
the  subsequent  course  of  the  disease;  the  bladder  and  rectum 
are  paralyzed  ;  priapism  is  somewhat  rare  ;  bed-sores  follow. 

In  lesion  of  the  lumbar  region  the  arms  and  a  great  part  of 
the  trunk  are  free.  The  legs,  bladder,  and  rectum  are  totally 
paralyzed  ;  respiration  is  not  impeded  ;  reflex  actions  of  all  sorts 
are  totally  extinct ;  no  erections  ;  rapid  atrophy  of  the  muscles, 
and  extinction  of  their  electrical  reaction.  The  symptoms  of 
lesion  of  the  cauda  equina  are  quite  similar ;  but  the  freedom 
or  the  implication  of  certain  nerve-paths,  especially  those  belong- 
ing to  the  lumbar  plexus,  often  enables  us  to  refer  the  seat  of 
lesion  to  the  cauda  equina.' 


'  Cf.  ^TrJ,  Ueber  acute  Spinallahmungbei  Erwachsenen.  Arch.  f.  Psych,  u.  Ner- 
venkrankh.  V.  p.  785.  Beob.  VI. 
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Course^  Duration,  Termination. 

There  are  hundreds  of  physiological  observations  which  show- 
that  improvement,  and  even  cure,  may  occur  in  the  lirst  and 
slighter  form  of  lesion  (simple  incised  wounds  of  the  cord). 
Goltz  and  Freusberg  have  kept  dogs  alive  for  many  months,  even 
when  the  dorsal  cord  had  been  completely  severed  by  a  cut ; 
they  observed,  however,  no  occurrence  of  regeneration. 

An  absolutely  fatal  termination,  therefore,  even  in  man,  can 
hardly  be  predicted ;  indeed,  there  are  numbers  of  cases  of  un- 
doubted lesion  of  the  cord,  in  which  a  comparative  cure  was 
effected  and  life  was  retained  for  many  years.  Such  are  the 
cases  of  cure  of  a  probable  punctured  wound,  given  by  Ollivier, 
and  of  various  incised  wounds,  by  Brown-Sequard  and  others. 
These,  however,  are  the  exceptions,  which  must  not  be  looked 
for  unless  in  slight  injuries.  If  such  is  to  be  the  result,  the 
symptoms  of  myelitis  do  not  become  severe,  they  soon  pass  off, 
and  the  outer  wound  closes  ;  the  symptoms  of  palsy  are  relieved 
in  part,  and  in  part  remain,  so  that  a  more  or  less  complete  cure 
is  by  degrees  obtained.  The  importance  of  the  functional  repara- 
tion of  the  lesion,  urged  by  Schiff  (p.  64  above),  can  hardly  be 
overlooked. 

Usually,  however,  the  secondary  myelitis  continues  to  increase, 
the  paralysis  increases,  bed-sores,  with  their  unfortunate  conse- 
quences, appear,  and  the  fatal  end  is  reached  after  more  or  less 
protracted  sufferings. 

The  second  and  more  severe  form  is  almost  always  fatal.  When 
the  cord  has  been  thoroughly  crushed  or  torn  in  any  part  it  is 
hardly  possible  to  conceive  of  regeneration ;  and  even  if  life  be  re- 
tained, in  a  number  of  cases,  for  weeks  or  months  (M'Donnel,  two 
months ;  Steudener,  fifteen  weeks ;  Page,  in  a  case  of  severance  of 
the  cervical  cord  between  the  fifth  and  sixth  vertebrse,  even  fif- 
teen months),  yet  the  ultimate  result  is  pretty  certain,  and  occurs 
with  the  usual  symptoms  of  severe  spinal  palsy.  It  is  a  matter 
of  course  that  death  may  occur  in  a  few  hours  or  days  after  the 
injury  by  paralysis  of  respiration,  shock,  or  similar  occurrences. 

Is  a  cure  ever  effected  ?  and  is  it  possible  in  any  severe  spinal 
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lesion  ?  The  opinions  of  physiologists  are  divided  upon  this  point 
(see  above,  pp.  64,  65).  There  are  no  convincing  proofs  in  the 
case  of  man.  In  the  instance  given  by  M'Donnel,  a  sort  of  cica- 
trix was  found  at  the  close  of  two  months,  but  not  a  trace  of 
nerve- tissue  could  be  found  in  it.  Ollivier's  observation  (No.  18), 
and  Lente's  case,  are  strongly  in  favor  of  the  repair  of  lesions  of 
moderate  severity. 

Diagnosis. 

It  is  not  difficult  to  recognize  an  injury  of  the  cord  by  the 
preceding  symptoms. 

In  case  of  simple  injury  to  the  meninges,  by  puncture  or  in- 
cision, the  occurrence  of  meningeal  apoplexy  might  give  rise  to 
the  mistaken  diagnosis  of  an  injury  of  the  cord.  The  former  will 
easily  be  recognized  by  the  symptoms  of  irritation,  which  are 
prominent  at  the  outset — pain,  spasmodic  phenomena — and  by 
the  slighter  degree  and  the  greater  diffusion  of  the  paralysis ; 
and  finally  by  its  rapid  and  favorable  course. 

In  severe  injuries  of  the  cord,  the  existence  of  spinal  apoplexy 
may  be  suspected  ;  but  it  is  of  no  importance  to  determine  it,  as  a 
crushing  of  the  cord  is  doubtless  always  attended  by  hsemato- 
myelia,  and  tlie  symptoms  and  course  of  the  two  diseases  are 
essentially  similar. 

Cases  of  severe  concussion  of  the  cord  may  usually  be  re- 
cognized by  the  absence  of  a  clear  demarcation  of  the  antes- 
thesia  and  the  palsy,  by  the  subsequent  course,  the  absence  of 
bed-sores,  etc.  If  dislocations  of  the  vertebrfe  can  be  proved  to 
exist,  the  crushing  of  the  cord  will  become  more  probable. 

Prognosis. 

This  will  readily  be  inferred  from  what  has  been  said.  It  is 
very  dubious,  even  in  the  slightest  cases  of  injury,  and  we  should 
be  prepared  for  a  fatal  result  through  secondary  myelitis  ;  but 
there  is  still  some  hope. 

In  all  severe  cases  of  crushing  and  tearing  of  the  cord,  death 
is  almost  absolutely  certain,  sooner  or  later.  But  there  are  excep- 
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tions,  as  has  been  before  said,  in  the  case  of  slight  and  very 
partial  lesions  only. 

Treatment. 

The  first  thing  to  be  attended  to  is  a  careful  treatment  of  the 
external  injuries  (wounds,  fractures,  and  luxations  of  the  verte- 
brae), for  the  details  of  which  we  refer  to  the  hand-books  of  sur- 
gery. 

The  injury  to  the  cord  introduces  a  very  important  element 
of  danger  in  all  these  cases  ;  in  most  instances  it  is  the  cause  of 
death ;  we  ought,  therefore,  to  make  every  effort  to  relieve  it  or 
to  promote  functional  recovery.  In  addition  to  the  ordinary 
surgical  methods,  we  shall  often  have  to  consider  the  propriety 
of  trepanning  the  spinal  column  for  the  relief  of  compression  of 
the  cord,  the  removal  of  fragments  of  bone,  replacement  of  the 
ends  of  the  fractured  bone,  etc.  We  need  not,  however,  discuss 
the  value  or  the  feasibility  of  trepanning,  or  its  indications,  for 
which  we  can  refer  to  the  work  of  Gurlt.  And  yet  we  believe  the 
operation  is  indicated  wherever  there  is  good  reason  to  hope  for 
gaining  anything  in  the  treatment  of  the  dislocation  which  caused 
the  lesion  of  the  cord  ;  and  such  gain  would  be  more  probable  in 
fractures  of  the  arches  of  the  vertebrte,  as  fragments  of  the  bodies 
can  hardly  be  reached.  We  can  scarcely  ever  expect  any  direct 
result,  as  the  injury  to  the  cord  is  not  from  simple  compression, 
but  usually  from  crushing  or  tearing.  Yet  the  removal  of  dis- 
placed fragments  will  at  least  increase  to  some  extent  the  chances 
of  life.  We  should  not,  therefore,  hesitate,  in  so  almost  hopeless 
a  case,  to  undertake  an  operation  not  of  itself  very  dangerous,  if 
there  is  any  possibility  of  relief.  The  physician  must  carefully 
weigh  all  the  chances ;  it  is  certain  that  in  all  severe  cases  the 
operation  will  do  little  harm,  and  perhaps  some  good. 

In  the  second  place,  we  have  to  consider  remedies  for  trau- 
matic myelitis,  local  (or  if  necessary  general)  bleeding,  cold, 
ergotin,  and  belladonna,  frictions  with  mercurial  ointment,  etc, 
(See  the  Treatment  of  Acute  Myelitis.) 

By  far  the  hardest  task  will  consist  in  the  personal  attentions 
to  the  patient,  those,  namely,  which  are  required  for  the  preven- 
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tion  of  bed-sores  and  cystitis,  which  usually  destroy  life.  Two 
contradictory  requirements  are  usually  present :  absolute  quiet, 
for  the  surgical  injury,  and  frequent  change  of  posture,  for  the 
prevention  of  bed-sores.  We  must  try  to  do  what  we  can  with 
water-pillows,  air-cushions,  pillows  pushed  in  alternately  on  op- 
posite sides,  cushions  stuffed  with  chaff,  great  cleanliness,  posi- 
tion on  the  face,  etc.,  as  circumstances  dictate. 

The  treatment  of  the  vesical  symptoms,  the  fever,  marasmus, 
pains,  etc.,  depends  on  general  principles.  We  should  compare 
the  treatment  of  acute  myelitis. 

6.  Slow  Compression  of  the  Cord  {Chronic  Traumatic  Lesion 

of  the  Cord). 

Compare  the  works  of  OlUvie}-  (I.  p.  387),  Hasse  (p.  735),  Jaccoud  (Des  paraplSgies, 
etc.).  Brown- Sequard  (Paralysis  of  the  Lower  Extremities,  etc.  1861),  M.  Bosen- 
thal  (p.  313),  Leyden  (I.  pp.  213-311 ;  II.  p.  147).  Also 

Charcot,  De  la  compress,  lente  de  la  molille  6p.  Legons  sur  la  mal.  du  syst.  nerv.  II. 
S5r.  II.  fasc.  1873. — Bouchard,  Compress,  lente  de  la  moelle.  Dictionn.  ency- 
clop.  des  sc.  medic.  II.  Ser.  Tom.  VIII.  p.  664.  1874. — G.  Haickins,  Cases  of 
Cancerous,  etc..  Disease  of  the  Spinal  Colunm.  Med.  Chir.  Transact.  XXIV.  p. 
45.  184:1  — Vogd  und  Dittmar,  Deutsche  Klinik.  1851.  Nr.  ZS.—Traule,  5 
Fiille  von  Riickenmarkskrankheiten.  Charitd-Annalen.  IX.  2.  p.  129.  1861. — 
Buehle,  Zur  Compression  des  R.-M.  Greifsw.  med.  Beitr.  1.  p.  5.  1863. — 
James  Young,  Case  of  Temporary  Paralysis.  Edinb.  Med.  Journ.  May,  1856. — 
Ogle,  Case  of  Paraplegia,  etc.  Transact.  Path.  Soc.  XIX.  p.  16.  1868.—^. 
Joffroy,  Cas  de  fract.  de  la  colonne  vert.  Arch,  de  Phys.  I.  p.  735.  1868. — 
Leudet,  Curability  des  accid.  jDaralyt.  ccns6c.  au  mal  vert.  M6m.  de  la  Soc.  de 
Biol.  1862-1863. — Michaud,  Sur  la  mining,  ct  la  myGlite  dans  le  mal  vert6br. 
Paris,  1%1\.— Charcot,  Anat.  pathol.  et  trait,  de  la  parapl.  Ii6e  au  mal  de  Pott. 
Gaz.  mCd.  1874.  No.  49. — A.  Coitrjon,  ParaplCg.  dans  le  mal  de  Pott.  Paris, 
1875.— i^.  Rollett,  Wien.  med.  "Wochenschr.  1864.  Nr.  24-26.— 7>e  Giovanni, 
Storia  di  un  caso  di  paraplegia,  etc.  Riv.  clin.  di  Bologna,  1870.  No.  12. — 
Leyden,  Ueber  Wirbelkrcbs.  Charit6-Annalen.  XI.  3.  p.  54.  1863. — M.  Rosen- 
thal, Wkxioy  med.  Prcsse.  1865.  Nr.  42-45;  Zeitschr.  f.  prakt.  Ilcilk.  1866. 
Nr.  46-51.  Tripier,  Du  cancer  de  la  colonne  vertCbr.  Paris,  1866.— 2'A.  Simon, 
Paraplegia  dolorosa.  Berl.  klin.  Wochenschr.  1870.  Nr.  35  und  36. 

Definition.— ^wmerow^  as  are  the  conditions  which  we  em- 
brace under  this  title,  yet  all  have  this  in  common,  that  a  power 
acting  from  without  upon  the  cord  {and  the  nerve-roots)  com- 


320   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

presses  it  xery  slowly  and,  gradually  in  a  limited  longitudinal 
extent,  giving  rise  to  a  series  of  characteristic  symptoms  which 
in  all  cases  may  be  recognized  by  their  essential  features,  and 
often  are  the  first  to  call  our  attention  to  the  commencement  of  a 
severe  affection. 

These  symptoms,  however,  are  not  usually  j)roduced  by  the 
pressure  as  such,  or  exclusively,  but  by  the  subacute  or  chronic 
transverse  myelitis  which  develops  almost  invariably  at  the 
point  of  compression  and  by  the  secondary  degeneration  of  the 
cord,  extending  upwards  and  downwards. 

The  essential  lesion  is,  therefore,  a  circumscribed  transverse 
myelitis,  the  so-called  myelitis  from  compression ;  and  we 
should  not  devote  a  separate  section  to  it,  were  it  not  that  it 
forms  a  connecting  link  between  very  various  morbid  states  origi- 
nating in  the  spinal  column  and  its  contents,  and  that  the  symp- 
toms of  myelitis  from  pressure  compose  a  very  important  feature, 
common  to  all  those  forms  of  disease. 

rlGlCAL  SOCIETY  Pathogenesis. 

Any  circumstance  which  very  gradually  narrows  the  spinal 
canal,  usually  in  the  way  of  organic  growth,  and  thereby  leads 
to  a  slowly  increasing  local  compression  of  the  cord,  may  become 
a  cause  of  myelitis  by  compression. 

We  have  already  mentioned  an  important  part  of  these 
causes,  viz.,  meningeal  tumors.  To  avoid  repetitions,  we  would 
refer  to  what  has  been  said  above  (see  page  262  et  seq.)  upon  this 
point.  We  here  repeat  that  a  gradual  compression  of  the  cord 
may  be  occasioned  not  solely  by  the  so-called  neoplastic  tumors 
proceeding  from  the  spinal  membranes,  but  equally  well  by 
meningeal  tumors  formed  by  inflammatory  and  hemorrhagic  pro- 
cesses, parasites,  and  the  like,  and  by  tumors  which  originate  in 
the  perimeningeal  tissue.  All  these  tumors  have  one  thing  in 
common,  that  their  expansion  is  very  soon  checked  by  the  nar- 
rowness of  the  canal,  and  that  they  then  begin  to  exercise  an 
increasing  pressure  upon  the  cord.  It  is  self-evident  that  this 
pressure  may  affect  the  cord  in  various  ways  and  from  different 
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sides,  and  may  thus  produce  a  great  variety  of  symptoms,  but 
the  essential  conditions  remain  the  same. 

It  may  be  questioned  wliether  the  intra-medullary  tumors, 
those  developing  within  the  substance  of  the  cord,  ought  to  be 
counted  among  the  causes  of  compression.  They  do  not  act 
from  without,  and  therefore  differ  somewhat  in  their  symptoms. 
It  is  characteristic  of  them  that  the  cord  is  gradually  compressed 
from  one  point  of  its  transverse  section,  with  myelitis  as  a  gene- 
ral accompaniment ;  for  which  reason  the  characteristic  initial 
symptoms  relating  to  the  compressed  roots  are  absent,  and  those 
of  compression  of  the  cord  begin  at  once.  For  all  details  we 
refer  to  the  section  on  tumors  of  the  cord,  and  premise  only  this 
remark,  that  all  sorts  of  intra-medullary  tumors  may  produce 
the  symptoms  of  myelitis  by  pressure — as  glioma,  sarcoma, 
myxoma,  tubercle,  syphilitic  gummata,  cysts  (hydromyelus  and 
syringomyelia),  etc. 

By  far  the  most  important  cause  is  that  furnished  by  diseases 
of  the  vertehral  column.  The  most  frequent  of  these,  and  also 
the  most  frequent  cause,  on  the  whole,  of  myelitis  from  com- 
pression, is  caries  of  the  spinal  column  (Pott's  Disease,  Spondy- 
larthrocace).  We  need  not  describe  this  particularly,  for  it  is 
fully  treated  of  in  the  text-books  of  surgery  ;  our  present  object 
is  confined  to  inquiry  as  to  the  manner  in  which  it  may  give  rise 
to  a  slow  compression  of  the  cord. 

In  the  first  place,  the  wasting  and  sinking  of  the  bodies  of 
the  vertebrae  produce  kyphosis,  which  may  give  rise  to  a  bend- 
ing and  narrowing  of  the  vertebral  canal,  with  compression  ol; 
the  cord.  This  is  certainly  very  rare,  and  only  occurs  in  exces- 
sive kyphosis.  Enormous  angular  kyphosis  may  occur  without 
any  symptoms  of  compression  of  the  cord  ;  and  on  the  other 
hand,  the  paraplegia  accompanying  kyphosis  often  disappears 
altogether  without  the  least  change  occurring  in  the  latter;  and 
finally,  there  are  cases  of  vertebral  caries  without  any  kyphosis, 
which  are  nevertheless  accompanied  by  paraplegia.  The  kypho- 
sis is  not,  therefore,  the  sole  nor  even  the  chief  cause  of  compres- 
sion of  the  cord. 

In  most  cases  this  compression  is  produced  by  the  inflamma- 
tory exudation  lohich  accompanies  the  caries.    The  masses  of 
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pus  produced  by  caries,  and  in  particular  the  fungous  granula- 
tions, accumulate  between  the  dura  and  the  bodies  of  the  ver- 
tebrae and  press  the  dura  inwards  ;  they  produce  a  pachymenin- 
gitic  growth  and  thickening  of  the  dura,  causing  a  contraction  of 
space  in  the  vertebral  canal  (Charcot,  Michaud ;  see  also  the  very 
artistic  illustration  in  Ogle).  The  dura  is  thickened ;  its  outer 
layers  especially  are  changed  to  a  proliferous  mass  of  young 
fibro-plastic  tissue,  partly  undergoing  caseous  metamorphosis, 
which  either  surrounds  the  dura  at  one  point  like  a  ring,  or 
presses  it  from  one  side  against  the  vertebral  canal  to  the  extent 
of  ten,  fifteen,  twenty  millimetres  or  more.  The  nerve-roots  at 
the  place  are  more  or  less  implicated,  thickened,  swollen,  in- 
flamed, etc.  Simple  caseous  pus-deposits  may  become  a  cause 
of  pressure,  or  the  protruding  intervertebral  cartilage,  or  sepa- 
rated and  displaced  fragments  of  bone. 

In  the  second  place,  carcinoma  of  tlie  Dertehrce  should  be 
mentioned  as  a  frequent  cause  of  compression,  chiefly  observed 
in  old  persons.  The  primary  as  well  as  the  secondary  disease 
may  act  in  this  way  ;  the  latter  quite  usually  follows  primary 
cancer  of  the  breast,  but  also  that  of  any  other  organ.  Not  all 
cancers  of  the  vertebrae  produce  spinal  symptoms  ;  that  depends, 
of  course,  upon  their  location,  size,  and  the  direction  taken  in 
growing ;  but  when  cancer  attacks  the  arches  of  the  vertebrae 
and  the  nerve-roots  which  pass  between  them,  when  it  has  at- 
tacked, softened,  and  thoroughly  rotted  the  entire  bodies  of  ver- 
tebrae, when  it  presses  in  to  the  vertebral  canal,  seizes  on  the 
spinal  membranes  and  grows  directly  against  the  cord  itself,  then 
the  characteristic  spinal  symptoms  usually  appear,  and  the  form 
of  compression  known  as  paraplegia  dolorosa,  with  most  acute 
pains,  is  developed. 

There  are  several  diseases  of  the  vertebrae,  much  inferior  in  im- 
portance to  the  preceding,  which  may  occasionally  lead  to  com- 
pression of  the  cord.  Such  are  exostoses  of  the  v6rtebr£e  growing 
into  the  canal ;  osteoma  ;  syphilitic  new  formations  of  the  bone  ; 
also  dry  arthritis  of  the  vertebrae,  when  it  leads  to  considerable 
swelling  of  the  articular  processes,  osteophytic  growths,  deposi- 
tion of  bone,  etc.   Here  must  be  mentioned  also  the  thickening 
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of  the  odontoid  process  of  the  axis,  anchylosis  of  the  vertebrae, 
and  all  similar  affections. 

Finally,  it  remains  to  be  said  that  external  tumors  of  all 
sorts,  growing  towards  the  vertebral  column,  and  entering  the 
vertebral  canal  by  any  natural  or  pathological  opening,  may 
give  rise  to  pressure  of  the  cord.  Such  are  echinococci,  sarco- 
mata, aneurisms,  etc. 

All  these  causes  (with  the  partial  exception  of  intra-medul- 
lary  tumors)  have  one  element  in  common,  namelj^,  that  they 
push  on  very  gradually  against  the  cord, reaching ^r*^  the  nerve- 
roots  and  meninges,  irritating  and  afterwards  compressing  them, 
and  thus  giving  rise  to  a  group  of  most  characteristic  symptoms, 
which  belong  to  the  first  period  of  development. 

The  cord  itself  is  then  attacked ;  it  is  exposed  to  a  gradual 
compression  which  interferes  with  and  interrupts  the  conduction. 
Nor  is  this  all,  for  after  the  compression  has  lasted  a  longer  or 
shorter  time  (usually  a  very  short  time — sometimes  even  before 
paraplegia  exists  —  Charcot,  Michaud)  inflammatory  changes 
appear;  myelitis  is  developed,  at  first  confined  to  the  seat  of 
compression,  but  usually  extending  over  the  whole  transverse 
section  of  the  cord.  With  the  compression  and  its  concomitant 
myelitis,  very  characteristic  symptoms  are  associated,  belonging 
to  a  second  stage  of  the  disease.  In  most  cases  these  symptoms 
seem  to  be  connected  with  the  appearance  of  myelitis. 

The  question  whether  compression  may  exist  alone  without 
myelitis,  and  may  of  itself  produce  the  paraplegic  symptoms,  or 
whether  pressure-myelitis  is  a  necessary  condition,  is  somewhat 
a  superfluous  one.  It  is  certain  that  compression — especially 
if  it  be  acute — is  capable  by  itself  of  giving  rise  to  the  seve- 
rest paraplegia,  which,  if  the  compression  be  speedily  and  suc- 
cessfully removed,  may  disappear  in  a  comparatively  short  time, 
as  in  the  oft-quoted  cases  of  Ehrling  and  Brown-Sequard.  It  is, 
however,  equally  certain  that  in  the  very  great  majority  of  cases 
every  protracted  compression  of  the  cord  is  very  soon  compli- 
cated by  pressure-myelitis ;  it  does  not  seem  probable  to  us  that 
this  myelitis  is  the  result  of  an  ischaemia  produced  by  compres- 
sion, an  ischsemic  softening,  but  we  consider  it  as  the  direct 
consequence  of  the  irritation  of  compression  acting  upon  the 
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elements  of  the  tissue.  Finally,  it  seems  equally  certain  that  in 
many  cases  the  mere  irritation  of  tumors  pressing  against  the 
spinal  membranes  (carcinoma,  etc.)  is  enough  to  produce  mye- 
litis without  actual  compression.  We  therefore  see  that  the 
pathogenesis  of  the  symptoms  commonly  known  as  compression 
of  the  cord  may  be  of  several  sorts ;  they  may  arise  through  com- 
pression alone,  or  through  compression  and  the  consequent  mye- 
litis, or  finally  through  myelitis  alone. 

In  conclusion,  if  the  compression  is  not  soon  relieved,  and  if 
myelitis  is  once  established,  secondary  degeneration  and  sole- 
rosis  of  the  cord  supervene,  as  in  the  case  of  every  transverse 
myelitis  (see  farther  on,  No.  19),  invading  in  a  strictly  regular 
way  the  various  divisions  of  the  cord  above  and  below  the  point 
of  compression.  These  in  their  turn  lead  to  other  definite  symp- 
toms, which  may  be  considered  as  forming  a  third  period  of  the 
disease. 


Pathological  Anatomy. 

The  pathologico-anatomical  changes  which  belong  to  the  pri- 
mary lesion  (vertebral  disease,  tumors,  etc.)  cannot  be  described 
here  for  want  of  space  ;  the  reader  is  referred  to  the  text-books 
of  pathological  anatomy  and  surgery.  We  have  mentioned  a 
few  chief  points  under  the  etiology,  and  it  remains  here  only  to 
describe  what  is  directly  concerned  with  the  cord  and  its  appen- 
dages. 

The  meninges  are  often  liypersemic,  opaque,  thickened,  adher- 
ent to  the  neighboring  parts  ;  often  covered  with  deposits  of  va- 
rious thickness,  which  have  much  to  do  with  the  production  of 
compression  ;  often,  however,  tliey  are  remarkably  little  changed, 
are  smooth,  and  simply  pushed  a  little  from  their  usual  position. 

The  nerve-roots  are  almost  always  more  or  less  involved  in 
the  morbid  processes.  They  may  be  closely  united  with  the 
tumor  or  the  exudation,  or  may  appear  one  with  it ;  at  first  they 
are  usually  swollen,  hyperfemic,  inflamed,  their  fibres  are  in  a 
state  of  fatty  degeneration  and  beginning  to  break  down,  and 
this  may  be  traced  into  the  cord  (neuritis) ;  at  later  periods  the 
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roots  are  atrophied,  pale,  gray,  degenerated,  and  nearly  reduced 
to  a  connective  tissue  abounding  in  nuclei. 

In  carcinoma  of  the  vertebrae,  especially,  the  nerves  and  nerve- 
roots  are  reddened,  swollen,  fuller  of  fluid ;  rarely  atrophied,  and 
still  more  rarely  directly  involved  in  the  cancerous  growth.  Sim- 
ple contact  with  the  malignant  tumor  is  sufiicient  to  produce 
severe  neuritis. 

The  substance  of  the  spinal  cord  is  more  or  less  flattened  and 
thinned  at  the  point  compressed,  is  often  jeduced  to  a  slender 
cylinder,  hardly  the  size  of  a  quill,  or  to  a  flat,  ribbon-shaped 
string.  The  compression  is  sometimes  greater  from  the  front, 
sometimes  from  behind,  sometimes  from  one  side,  and  thus  the 
cord  gets  a  distorted,  irregular  look.  The  place  compressed  va- 
ries extremely  in  length ;  above  and  below  it  the  cord  is  some- 
times of  its  usual  thickness,  and  sometimes  rather  thickened  in  a 
club-shape.  The  consistence  of  the  compressed  spot  is  usually 
lessened  at  first  (inflammatory  softening),  but  afterwards  may  be 
increased  (sclerosis).  The  place  is  anaemic,  pale,  often  presenting 
no  distinct  change  to  the  naked  eye  ;  usually,  however,  the  out- 
lines seen  in  cross-section  are  quite  indistinguishable,  the  medulla 
is  cloudy,  or,  at  a  later  stage  is  gray  and  translucent. 

Microscopical  examination  shows — if  the  compression  has 
lasted  some  time — a  considerable  increase  and  thickening  of  in- 
terstitial connective  tissue  at  the  place,  and  mingled  with  this  are 
many  granular  corpuscles,  often  also  corpora  amylacea,  while  the 
walls  of  the  vessels  are  thickened  and  in  a  condition  of  fatty 
degeneration  ;  the  axis-cylinders  are  often  swollen,  while  some 
are  broken  down  or  have  disappeared ;  in  the  ganglion-cells  of 
the  gray  substance  there  may  be  observed  swelling,  the  forma- 
tion of  vacuoles,  pigment-deposit,  and  often  a  breaking  down  and 
disappearance  (Michaud,  Joffroy).  In  a  word,  there  is  chronic 
transverse  myelitis,  chiefly  interstitial,  extending  over  the  greatest 
part  or  the  whole  of  the  transverse  section. 

The  myelitic  changes  extend  beyond  the  place  crushed,  and 
may  be  observed  above  and  below  at  various  distances,  with 
diminishing  intensity. 

At  a  short  distance  from  the  spot,  these  changes  usually  appear 
confined  to  clearly  defined  portions  of  the  transverse  section,  and 
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in  these  may  be  followed  up  and  down  almost  the  whole  length 
of  the  cord.  These  are  the  well-known  secondary  degenerations 
(Tuerck,  see  farther  on,  No.  19).  Above  the  compression,  the  pos- 
terior columns  are  affected,  higher  up  the  fasciculi 
graciles  alone,  and  in  the  latter  the  disease  often 
ascends  as  high  as  the  medulla  oblongata.  In 
the  lower  segment  the  lateral  columns  alone  are 
affected,  and  chiefly  their  posterior  part ;  the  dis- 
ease descends  in  this  to  the  conus  terminalis. 
The  change  may  often  be  recognized  in  fresh  pre- 
parations with  the  naked  eye  by  the  translucent, 
grayish,  or  slightly  yellowish  tinge  of  the  tissue, 
but  more  usually  the  altered  tissue  cannot  be 
recognized  with  certainty  until  the  cord  has  lain 
some  time  in  chromic  acid,  when  it  acquires  a 
lighter  color.  With  the  microscope,  interstitial 
proliferation  of  connective  tissue,  and  degenera- 
tion of  nerve-fibres  are  to  be  seen.  In  a  few  cases 
the  degeneration  has  been  seen  ascending  in  the 
lateral  columns  also,  usually  but  for  a  short  dis- 
tance (Michaud).  Commonly  the  degeneration  is 
not  uniform  in  the  two  sides.  The  illustration 
(Fig.  5)  gives  a  good  view  of  the  typical  distribu- 
tion of  these  alterations. 

The  myelitic  process  often  extends  to  great 
distances  in  the  gray  substance  also,  especially 
downward,  but  in  this  situation  requires  close 
microscopic  examination  to  detect  it ;  the  charac- 
teristic signs  consist  of  sclerosis  of  connective  tis- 
sue, thickening  of  the  arterial  walls,  atrophy  and 
disappearance  of  the  nerve-elements,  pigmenta- 
tion, etc.  This  process  is  important  in  explain- 
ing many  later  symptoms. 

In  severe  cases  all  these  processes  make  prog- 
ress ;  there  are  consecutive  changes  in  remote 
parts  of  the  body  (muscular  atrophy,  degenera- 
tion of  peripheral  nerves,  cystitis,  bed-sores,  etc.),  which  hasten 
the  fatal  result. 


Fig.  5. 

ComprexHidii  of  the 
Dorsal  MfduUa. 
Diffuse  myelitis  ftt  the 
point  of  compression 
(4);  the  right  halt  is 
more  compressed  than 
the  left.  Above,  secon- 
dnrj'  aEoonding  degen- 
eration in  the  fasciculi 
(fraciles  (1 — 3) ;  below, 
descending  deprenera- 
tion  of  the  lateral  col- 
umns to  the  lumbar 
cord  (5—7).  After  Mi- 
chaud. 
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In  more  favorable  cases  it  is  possible  for  restoration  and  full 
recovery  to  occur  ;  this  is  certainly  true  in  vertebral  caries,  and 
would  doubtless  apply  to  other  cases  if  the  cause  of  compression 
were  removed.  In  such  an  event  there  must  be  a  regeneration  and 
restoration  of  nerve-elements,  at  least  in  part,  at  the  point  of 
compression.  The  processes,  however,  have  not  yet  been  fully 
studied.  Charcot  and  Michaud  have  examined  such  a  case  in 
which  recovery  had  occurred  ;  the  seat  of  compression  was  very 
distinct,  its  transverse  section  was  much  smaller  than  that  of 
other  portions  of  the  cord,  and  it  looked  gray,  as  if  degenerated. 
The  microscopical  examination  showed  the  presence  of  much  con- 
nective tissue,  among  which  there  were  a  great  many  nerve-fibres, 
normal  in  appearance,  though  slender  ;  they  must  certainly  have 
been  diminished  in  number.  In  the  gray  substance,  which  was 
much  reduced  in  size,  there  were  found  some,  though  not  very 
numerous,  ganglion-cells.  Little  is  known  of  the  more  delicate 
changes  in  these  processes  of  restoration ;  it  is  probable  that  the 
axis-cylinders  of  some  nerves  are  not  destroyed,  and  clothe  them- 
selves with  a  fresh  medullary  sheath  when  the  pressure  is  re- 
moved.   Further  examination  of  the  subject  is  to  be  desired. 

LEEDS  Jc WEST-RIDING 
Symptoms.  WEDICO-CHlRURCICAl  ,:OCIE' 

It  is  important  to  remember  from  the  outset  that  two  chief 
groups  of  symptoms  are  to  be  distinguished  in  compression  of 
the  cord,  upon  which  may  be  based  a  division  of  the  disease  in 
two  stages. 

In  the  first  group  are  included  all  the  symptoms  proceeding 
from  lesion  of  the  parts  situated  externally  to  the  cord,  espe- 
cially the  nerve-roots,  meninges,  bones,  etc.  They  may  also  be 
designated  as  prodromal  symptoms  (symptomes  extrinseques, 
Charcot).  This  group  furnishes  the  symptoms  which  are  usually 
decisive  of  the  differential  diagnosis  of  the  various  causes  of  com- 
pression, while  those  of  the  second  group  are  nearly  the  same  in 
all  cases,  with  the  exception  of  such  variations  as  depend  on  the 
level  at  which  they  occur  in  the  cord,  or  the  portion  of  the  trans- 
verse section  which  is  occupied. 

This  second  group  embraces  all  the  symptoms  which  are  de- 
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livable  from  compression  of  the  cord  itself,  and from  the  myelitis 
caused  by  pressure  (sj^mptomes  intriuseques,  Charcot).  They 
are  nearly  alike  under  all  possible  causes,  as  above  stated. 

The  succession  and  development  of  the  symptoms  of  these 
two  groups  will  give  the  characteristic  signs  of  the  disease. 

This  being  premised,  the  general  symptoms  are  as  follows. 
After  those  of  the  primary  disease  (as  Pott's  Disease,  vertebral 
cancer,  etc.)  have  existed  for  some  time,  or  even  before  they  have 
been  observed,  the  first  evidence  that  the  contents  of  the  verte- 
bral canal  are  attacked  consists  in  certain  symptoms  of  irritation 
of  all  the  organs  contained  in  the  canal,  the  periosteum,  menin- 
ges, and  especially  the  roots  of  the  spinal  nerves.  Pain  of  vari- 
ous sorts  and  degrees  of  violence,  pains  in  the  form  of  a  girdle, 
excentric  neuralgias  in  almost  any  spot  (but  holding  constantly 
to  that  spot),  open  the  scene ;  a  great  hypercEsthesia  of  tliose 
portions  of  skin  which  correspond  to  the  distribution  of  the  pain 
may  be  added,  but  often  disappears  to  make  room  for  a  corre- 
sponding anasthesia,  often  limited  to  a  few  islands  of  skin — or 
both  conditions  may  subsist  together.  Severe  pain  in  the  hack, 
local  stiffness  of  the  spine,  great  sensitiveness  of  the  spinous 
processes,  are  seldom  absent.  The  neuralgic  pains  are  often 
accompanied  by  herpetic  or  bullous  eruptions  of  the  sJcin.  To 
these  are  afterwards  added  (especially  when  the  lesion  occupies 
the  cervical  or  lumbar  enlargement)  states  of  motor  irritation  in 
the  districts  of  the  nerves  whose  roots  are  first  implicated,  as 
twitching,  spasm,  tonic  spasm,  and  contracture;  weaJcness  and, 
paralysis  is  soon  added,  confined  to  certain  muscles  or  groups 
of  muscles,  to  one  extremity  or  the  other,  and  often  accompanied 
by  great  atrophy  and  loss  of  electrical  excitability.  It  must  be 
observed  that  these  sensory  and  motor  symptoms  are  located  in 
the  same,  or  adjacent  nerve-districts,  and  therefore  may  be  re- 
ferred to  a  single  source  of  disease. 

If  the  original  causal  lesion  then  declares  itself  by  such  signs 
as  progressive  kyphosis,  congestive  abscesses,  pain  strictly  local- 
ized in  the  spine,  external  swellings  of  various  sorts,  etc.,  the 
diagnosis  of  the  disease  may  be  considered  as  already  made 
out. 

This  prodromal  period  may  differ  very  greatly  in  duration  ;  it 
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may  last  months  or  years  ;  its  symptoms  always  precede  for 
some  time  those  of  compression  of  the  cord  ;  they  are  absent 
only  in  case  intra-medullary  symptoms  are  prominent,  when  the 
symptoms  of  pressure  may  be  the  very  first  to  be  noticed. 

The  latter,  belonging  to  the  second  stage  of  the  disease,  con- 
sist at  lirst  of  a  paralysis,  of  more  or  less  rapid  development, 
usually  in  the  form  of  paraplegia,  more  rarely  in  that  of  hemi- 
plegia, and  in  the  latter  case  usually  developing  into  paraplegia. 
The  first  symptoms  of  paralysis  are  often  preceded  for  a  time  by 
parcesthesia  in  the  lower  half  of  the  body ;  tingling,  f urriness, 
sensations  of  burning  or  cold,  girdle-sensations,  etc. ,  are  described 
by  the  patient.  The  order  in  which  the  sensory  and  the  motor 
symptoms  appear  depends  on  the  direction  from  which  pressure 
is  first  felt ;  those  which  first  appear  may  exist  some  time  before 
the  other  set  follows.  Those  of  the  motor  class,  however,  very 
soon  become  more  marked  than  the  other  set;  the  preponderance 
of  motor  paralysis  is  quite  a  characteristic  trait  in  the  picture  of 
myelitis  from  pressure.  The  paralyzed  muscles  are  first  com- 
pletely relaxed  and  softened,  the  joints  are  relaxed,  and  obey 
every  passive  movement  without  resistance.  At  the  same  time 
there  is  considerable  increase  of  the  reflex  actions,  both  cuta- 
neous and  tendinous,  in  the  paralyzed  lower  extremities,  except 
when  the  lumbar  swelling  is  the  seat  of  pressure  ;  the  slightest 
irritation  gives  rise  to  the  fullest  reflex  movements,  convulsive 
twitching,  and  the  like,  in  grotesque  contrast  with  the  absolute 
motor  paralysis. 

The  paralysis  of  the  bladder  and  rectum  is  often  delayed,  but 
if  there  is  any  considerable  compression,  it  is  sure  to  occur  ;  the 
symptoms  are  the  well-known  ones  of  involuntary  discharge. 

As  the  disease  progresses,  the  muscles,  at  first  quite  lax,  be- 
come by  degrees  tense  and  rigid,  and  are  attacked  by  twitcMngs, 
or  transient  tonic  spasms;  contractures  appear,  at  first  tempo- 
rary, afterwards  permanent ;  the  lower  extremities  continue  in 
a  permanent  position  of  extension,  which  afterwards  gives  place 
to  flexion.  At  the  same  time  there  is  an  additional  increase  of 
reflex  action;  t\ve  tendinous  reflexions  especially  gain  in  inten- 
sity, every  slight  dorsal  flexion  of  the  foot  produces  the  most 
active  clonic  movement  of  both  lower  extremities,  often  a  con- 
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vulsive  tremor,  etc.  The  nutrition  of  the  muscles  may  remain 
intact  for  a  time,  or  they  mtiy  emaciate. 

At  this  point  the  cases  divide  ;  those  of  a  less  severe  sort 
remain  for  a  long  time  of  about  the  same  severity  ;  slight  im- 
provement gradually  appears  ;  the  anaesthesia  is  the  first  to 
diminish  ;  the  functions  of  the  bladder  are  better  regulated  ;  the 
power  over  a  few  movements  returns,  increases  by  degrees ;  in 
short,  the  improvement  may  go  on  step  by  step  to  full  recovery. 

In  severe  cases,  however,  the  symptoms  become  worse ;  the 
paraplegia  remains  complete ;  bed  -  sores  appear  on  various 
places,  cystitis,  fever,  general  marasmus  follow,  and  amid  inde- 
scribable sufferings  the  patient  sinks  into  his  grave. 

Let  us  now  analyze  the  symptoms,  and  attempt  to  refer  them 
to  the  existent  anatomical  lesions. 

The  most  constant  and  most  important  of  the  prodromal 
symptoms  is  without  doubt  that  of  pain.  It  has  a  great  deal 
that  is  characteristic  ;  it  is  confined  to  very  distinctly  marked 
nerve-root  districts,  being  in  the  beginning  often  localized  in  a 
line  or  a  point  ;  it  is  neuralgiform,  lancinating,  and  often  (in  con- 
nection with  marked  neuritis)  rather  of  a  burning  character.  It 
is  very  distinct  in  carcinoma  of  the  vertebrae,  where  it  occurs  in 
severe  paroxysms,  especially  by  night,  is  soon  beyond  the  con- 
trol of  narcotics,  and  gives  the  patient  fearful  torments.  A  vari- 
ety of  eruptions  of  the  skin  often  appear  in  the  district  of  the 
cutaneous  pain. 

Without  doubt  these  pains  should  be  referred  to  the  mechan- 
ical irritation,  and  most  especially  to  the  consequent  neuritis  of 
the  sensory  roots ;  this  irritation  is  brought  about  by  the  in- 
crease of  the  compression,  the  sinking  together  of  the  vertebrae, 
and  the  narrowing  of  the  intervertebral  foramina. 

As  all  these  matters  may  differ  in  each  case,  it  is  readily  seen 
that  the  degree  and  extent,  intensity,  character,  and  commence- 
ment of  the  pain  may  differ  greatly  in  individual  cases.  We 
refrain  from  entering  further  into  the  details. 

It  is  without  doubt  to  the  same  cause — mechanical  and  inflam- 
matory irritation  of  the  sensory  roots — tliat  the  hyperaesthesia  is 
due  which  we  observe  in  many  cases,  found  usually  in  the  parts 
where  the  pain  is  distributed,  and  varying  greatly  in  character. 
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A  further  lesion  of  the  roots  is  indicated  by  the  ancBsthesia 
occurring  in  their  district  of  distribution,  which  may  assume  the 
form  of  a  zone,  or  be  restricted  to  certain  cutaneous  nerves,  or  to 
quite  isolated  spots  of  skin,  according  to  the  number  of  fibres 
compressed. 

The  symptoms  of  motor  irritation  and  paralysis  in  the  initial 
stage  are  referable  to  quite  analogous  states  of  the  anterior  roots. 
Tremor,  spasms,  cramps,  permanent  uniform  painless  contrac- 
tures occur  here,  and  alternate  with  paresis  or  paralj'sis  of  cer- 
tain muscles  and  groups  of  muscles,  or  coexist  with  them.  The 
location  of  these  disturbances  varies  according  to  the  seat  of 
lesion  ;  they  will  be  noticed  at  an  early  period  if  the  compression 
acts  upon  the  roots  passing  off  from  the  cervical  or  lumbar  swell- 
ing, because  in  that  case  considerable  disturbances  at  once  ap- 
pear in  the  extremities. 

The  fact  that  the  motor  and  the  sensory  disturbances  are 
referable  to  nerve-roots  occupying  nearly  the  same  level  in  the 
cord  is  one  which  has  been  observed  in  many  spinal  diseases,  but 
is  especially  distinct  in  this. 

If  the  compression  and  neuritis  of  the  anterior  roots  becomes 
severe,  the  now  complete  paralysis  of  the  corresponding  muscles 
is  followed  by  progressive  atrophy,  and  with  the  atrophy  there 
is  very  closely  associated  a  corresponding  diminution  and  loss 
offaradic  excitability,  which,  as  will  be  seen  upon  closer  exami- 
nation, is  only  a  portion  of  the  reaction  of  degeneration. 

It  hardly  need  be  said  that  in  these  paralyses  from  pressure 
on  the  roots  the  reflex  actions  are  always  extinguished,  and  that 
this  circumstance  is  not  without  value  in  the  diagnosis. 

In  the  second  stage  the  symptoms  of  motor  paralysis  are  the 
first  and  the  most  prominent.  In  fact,  paraplegia  is  often 
enough  the  first  symptom  that  indicates  the  severity  of  the  dis- 
ease. It  may  develop  with  more  or  less  rapidity ;  a  few  hours 
or  days  are  often  sufiicient,  but  usually  weeks  are  required  ;  the 
patient  feels  his  legs  growing  heavier,  he  drags  them  in  walking  ; 
the  toes  catch  at  the  least  obstacle  ;  his  knees  double  under  him, 
and  so  walking  and  standing  become  impossible  ;  at  last  there  is 
a  complete  loss  of  all  movement,  even  in  the  lying  posture.  The 
muscles  remain  perfectly  lax,  soft,  and  non-resistant  under  pas- 
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sive  movement.  Their  electrical  reaction  is  unchanged  ;  their 
nutrition  is  at  lirst  quite  unimpaired. 

All  this  is  perfectly  intelligible  when  referred  to  the  gradually 
increasing  compression  of  the  cord,  with  its  accompanying  mye- 
litis ;  the  slight  initial  symptoms  of  weakness  may  witliout  hesi- 
tation be  referred  to  compression,  while  a  more  rapid  increase  of 
paresis,  a  relatively  rapid  development  of  paralysis,  is  undoubt- 
edly due  to  myelitis.  At  a  later  date,  of  course,  the  proportion 
of  the  influence  of  the  two  elements  upon  the  origin  of  the  com- 
plete paralysis  cannot  easily  be  estimated.  As  the  disease  is 
always  circumscripfc  at  the  beginning,  the  nutrition  and  electric 
reaction  of  those  muscles  whose  nerves  originate  in  the  inferior 
(intact)  portion  of  the  cord  will  remain  perfect  until  a  descending 
affection  of  the  gray  substance  threatens  their  functions. 

As  in  most  cases  the  compression  takes  place  from  the  front 
of  the  cord  (Pott's  disease),  it  is  readily  seen  that  the  motor  dis- 
turbances will  be  the  first  to  appear,  and  will  for  a  long  time 
outweigh  the  sensory. 

In  a  minority  of  the  cases,  the  compression  is  limited  to  one- 
lialf  of  the  cord,  leaving  the  other  more  or  less  intact.  The 
paralysis  then  takes  the  form  of  spinal  hemiplegia  or  Tiemipara- 
plegia;  if  the  compression  of  the  affected  half  is  pretty  complete, 
it  may  be  associated  with  a  crossed  anaesthesia,  and  give  rise  to 
the  characteristic  unilateral  lesion  (see  below.  No.  14).  Usually, 
however,  after  a  longer  or  shorter  time,  the  myelitis  will  extend 
over  the  entire  transverse  section,  and  complete  the  paraplegia. 

The  paralysis  not  infrequently  begins  in  the  form  of  a  cervical 
paraplegia,  i.  e.,  the  upper  extremities  are  first  and  completely 
palsied,  while  the  lower  are  nearly  or  wholly  free  at  first.  This 
condition  may  be  due  to  the  fact  that  the  lesion  occupies  the 
level  of  the  cervical  enlargement,  and  in  this  place  first  attacks 
the  anterior  roots  for  the  upper  extremities  ;  in  this  form  of 
palsy,  muscular  atrophy  and  absence  of  reflex  actions  form  a 
characteristic  feature.  Or,  if  the  lesion  is  situated  in  the  upper 
part  of  the  cervical  cord,  it  may  happen  that  the  motor  patlis  in 
the  antero-lateral  columns  which  belong  to  the  upper  extremity 
are  at  first  exclusively  attacked  by  the  compression,  and  tliose 
for  the  lower  extremities  at  a  later  period.    This  might  perhaps 
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be  explained  by  supposing  the  former  to  lie  nearer  the  surface  of 
the  cord  than  the  latter,  and  thus  to  be  sooner  affected  by  pres- 
sure and  myelitis.  In  this  case  the  reflex  actions  are  retained  in 
the  upper  extremities  also. 

Finally,  in  a  few  rare  cases,  a  so-called  recurrent  paralysis 
has  been  observed,  that  is,  an  upward  extension  of  the  paral- 
ysis above  the  point  of  compression  ;  e.  g.,  in  compression  of 
the  dorsal  region,  extension  to  the  upper  extremities.  This  is 
explained  by  the  ascending  myelitis,  which  often  occurs,  and  in 
some  cases  by  the  very  rare  occurrence  of  ascending  degeneration 
of  the  lateral  columns,  which  may  extend  to  the  cervical  enlarge- 
ment (Midland). 

The  sensory  disturbances  are  not  usually  so  marked  as  the 
motor,  at  least  in  the  begin;iing.  The  development  of  paraplegic 
symptoms  is  often  preceded  for  a  varying  period  by  parcesthesice 
(tingling,  formication,  burning,  etc.),  which  may  cover  the  whole 
body,  and  often  continue  without  a  break,  or  recur  during  the 
later  course  of  the  disease.  They  are  sometimes  due  to  compres- 
sion of  the  posterior  columns,  and  sometimes  are  signs  of  com- 
mencing myelitis  in  the  posterior  columns  and  the  gray  substance. 
The  same  cause  may  be  assigned  for  the  pains,  which  often 
appear  during  the  later  course  of  the  disease  ;  these  have  not  the 
lancinating,  neuralgiform  character,  but  are  rather  an  intense,  dif- 
fuse sense  of  pain,  burning,  boring,  pressure,  etc.,  extending  over 
the  whole  of  the  lower  extremities.  I  have  repeatedly  observed 
them  in  the  paraplegia  of  vertebral  caries,  and  Michaud  ascribes 
them  to  the  myelitic  irritation  of  the  gray  substance. 

Charcot  describes  also  an  ahnormal  irradiation  of  pain  and 
parfesthesia,  a  peculiar  dyscBstJiesia,  which  is  produced  hj  vari- 
ous sensory  irritations  ;  it  is  a  singular  painful  vibrating  feeling 
in  the  lower  half  of  the  body,  the  same  for  all  sensory  impres- 
sions ;  this  sensation  must  also  be  referred  to  the  disease  of  the 
gray  substance. 

Symptoms  of  ana^stJiesia  are  most  constant,  though  they  may 
vary  greatly  in  amount ;  the  anfesthesia  is  usually  incomplete, 
and  not  rarely  presents  a  certain  contrast  to  the  severity  of  the 
motor  paralysis  ;  Courjon  states  that  the  sensibility  is  never 
quite  destroyed  in  vertebral  caries,  though  tliis  certainly  occurs 
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in  other  forms  of  paralysis  from  compression.  A  retardation  of 
sensory  conduction  is  also  often  observed.  All  these  symptoms 
are  very  simply  explained  by  the  different  degrees  of  compres- 
sion and  of  myelitis,  by  the  greater  or  less  implication  of  the 
gray  substance,  etc. 

There  is  very  little  said  of  vaso-motor  paralysis  in  the  existing 
reports  of  cases ;  only  Hawkins  states  that  he  has  observed  a 
constant  elevation  of  the  temperature  of  the  paralyzed  half  of  the 
body  in  a  case  of  compression  of  the  dorsal  medulla.  It  is  con- 
ceivable that  the  slow  progress  of  the  interruption  of  conduction 
in  the  cord  may  give  the  vaso-motor  centres,  situated  in  the  lum- 
bar region,  time  to  develop  sufficient  activity  to  avoid  serious 
vaso-motor  disturbances. 

Paralysis  of  the  bladder  is  usually  a  subordinate  feature  of 
compression-myelitis,  especially  when  seated  above  the  lumbar 
enlargement ;  it  then  seldom  appears  early  or  in  a  severe  form. 
This  depends  on  the  seat  and  severity  of  the  lesion,  the  integrity 
of  the  centres  in  the  cord,  etc,  ;  all  shades  of  severity  may  be 
observed.  The  severest  cases  are  those  which  accompany  a  pres- 
sure-myelitis of  the  lumbar  medulla.  The  same  is  true  of  paral- 
ysis of  the  rectum. 

The  condition  of  the  reflex  functions  is  especially  interesting ; 
an  exaggeration  of  their  activity  is  one  of  the  most  constant 
symptoms  of  pressure-myelitis,  provided  that  the  portions  of 
gray  substance  which  preside  over  the  reflex  actions  are  not  dis- 
eased. 

The  first  thing  which  attracts  notice  is  the  increase  in  the 
cutaneous  reflex  actions,  the  lightest  touch  upon  the  skin  pro- 
vokes a  vigorous  reflex  jerk ;  if  the  skin  is  pressed  or  pinched 
more  strongly,  active  and  powerful  movements  of  the  entire 
extremity  are  made,  which  often  extend  to  the  other  inferior 
extremity,  or,  in  their  severest  form,  terminate  in  a  convulsive 
twitching  and  shaking  of  the  limbs,  which  may  continue  some 
time. 

The  reflex  actions  originating  in  other  parts  are  also  in- 
creased ;  every  evacuation  of  the  bladder  or  the  rectum,  the 
introduction  of  a  catheter,  etc.,  is  accompanied  by  active,  often 
painful,  jerkings  of  the  limbs.  Irritation  of  the  skin  of  the  inner 
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surface  of  the  thigh,  or  of  the  urethra,  has  been  seen  to  produce 
reflex  erection  of  the  penis. 

The  tendinous  reflexions,  however,  are  most  markedly  devel- 
oped in  such  cases,  and  it  is  in  myelitis  from  pressure  that  they 
•are  to  be  best  studied.  The  lightest  tapping  of  the  patellar  ten- 
don or  the  tendo  Achillis,  the  tibialis  posticus,  the  tendons  of 
'the  flexors  of  the  knee,  gives  rise  to  reflex  actions ;  the  same  is 
often  accomplished  from  the  periosteum  of  the  bones  and  from 
various  fascia) ;  powerful  pressure  of  the  patella  downwards  pro- 
duces reflex  clonus  in  the  quadriceps  ;  the  slightest  dorsal  flexion 
of  the  foot  produces  that  clonic  tremor  of  the  lower  leg,  which  in 
its  highest  degree  extends  to  the  whole  leg,  and  then  to  the 
other  leg,  and  terminates  with  an  intense  tremor  of  both  legs, 
lasting  some  time. 

Nothnagel  has  recentl}^  stated  that  all  these  reflex  actions 
may,  in  favorable  cases,  be  inhibited  and  arrested  by  a  powerful 
pressure  upon  one  of  the  great  nerve-trunks  of  the  lower  extrem- 
ities. 

It  can  hardly  be  doubted  that  this  increase  of  reflex  activity 
must  be  referred  to  two  circumstances  :  first,  interruption  of  the 
conduction  to  the  brain,  which  interferes  with  the  function  of  the 
fibres  for  inhibition  of  reflex  action ;  and  secondly,  hypersemia 
and  inflammatory  stimulation  of  the  gray  substance.  It  is  not 
at  present  possible  to  determine  the  part  taken  by  each  of  these 
circumstances  in  increasing  the  reflex  action. 

It  is  interesting  that  a  reflex  action  originating  in  a  tendon, 
the  centre  for  which  is  situated  in  the  compressed  region,  may 
become  extinct,  and  may  afterwards  reappear  when  the  motility 
has  returned  and  the  pressure-mj-elitis  is  cured. 

I  have  obserred  this  in  a  case  of  kyphosis  of  the  lumbar  region,  in  which  the 
upper  part  of  the  lumbar  enlargement  was  evidently  compressed.  As  long  as  tha 
paraplegia  continued,  the  tendinous  reflexions  from  the  ligamentum  patella:  and 
tlie  adductor  tendons  were  completely  extinct,  -while  in  the  whole  sciatic  region 
they  were  considerably  increased.  After  four  months  the  paralysis  disappeared, 
when  the  reflex  actions  from  tlie  ligamentum  patellte  and  the  adductor  tendons  re- 
appeared. 

Another  step  in  the  disease  of  the  cord  is  indicated  by  rigid- 
ibj  of  the  muscles.    We  have  seen  that  at  first  they  are  com- 
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pletely  relaxed.  In  a  few  days,  liowever,  or  more  usually  in  a 
few  weeks,  or  still  later,  tlie  muscles  begin  to  be  attacked  by 
twitcliings  and  slight  spasms ;  they  assume  a  condition  of  ten- 
sion, oppose  to  passive  movement  a  gradually  increasing  oppo- 
sition, and  at  last  contractures  appear,  at  first  transient,  then 
permanent,  which  affect  the  disease  in  a  characteristic  way. 
Usually  these  are  at  first  contractions  in  extension;  the  legs  lie 
stretched  stiff  and  straight  side  by  side,  the  feet  in  the  position 
of  varo-equinus,  the  knees  stiff  and  pressed  together.  At  a  later 
period,  especially  in  vertebral  caries,  contractures  in  flexion  al- 
ways occur  ;  the  hip  and  knee-joints  are  strongly  bent,  the  knees 
drawn  up,  the  heels  to  the  buttocks,  the  legs  often  crossed  and 
locked.  At  first  the  contractures  are  comparatively  easy  to 
reduce,  but  return  whenever  the  traction  is  taken  away ;  after- 
wards they  resist  all  external  force. 

It  appears  quite  certain  that  these  motor  symptoms  are  refer- 
able to  disease  of  the  lateral  columns,  that  they  belong  to  the 
descending  degeneration  and  sclerosis  of  the  postero-lateral  col- 
umns. They  seem  to  be  more  marked  in  myelitis  from  pressure 
than  in  most  other  forms  of  the  disease. 

Trophic  disturhances  are  not  very  prominent  in  myelitis  from 
pressure,  as  long  as  certain  sections  of  gray  substance  (in  the 
cervical  and  lumbar  medulla)  are  not  directlj'"  affected.  Tlie 
nutrition  of  the  muscles  then  remains  intact  a  long  time,  and  so 
does  their  electrical  reaction  ;  at  the  most  we  observe  emaciation, 
caused  by  want  of  activity  and  by  the  general  depression  of  the 
nutritive  processes. 

The  case  is  otherwise  when  the  lumbar  or  cervical  enlargement 
is  affected,  or  when  the  secondary  myelitis  of  the  gray  substance 
extends  upwards  or  downwards  to  those  parts  ;  the  consequences, 
then,  are  rapid  and  great  emaciation  of  the  muscles,  loss  of 
faradic  excitability,  and  the  appearance  of  the  reaction  of  de- 
generation. 

In  a  few  cases,  affections  of  the  joints  and  sJcin  have  been 
caused  by  pressure-myelitis. 

Bed-sores  are  usually  confined  to  the  severer  cases.  The  same 
is  true  of  cystitis  and  other  consequences  of  retention  of  urine. 

After  this  review  of  the  chief  symptoms,  we  have  to  say  a  few 
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words  of  the  variation  in  symptoms  which  is  due  to  the  differ- 
ent seat  of  the  compresswe  lesion. 

The  case  is  most  complicated  when  the  lesion  occupies  the 
cermcal  'part  of  the  cord.  And  here,  again,  we  can  form  two 
subdivisions,  according  as  the  cervical  enlargement,  or  the  part 
of  the  cord  above  it,  is  the  seat  of  compression. 

In  the  latter  case  (compression  of  the  upper  part  of  the  cervi- 
cal cord),  the  disease  not  rarely  begins  with  pain  in  the  occiput, 
stiffness  of  the  whole  neck,  obliquity  of  the  head,  inability  to 
nod  and  turn  the  head,  and  so  forth.  The  paralysis  often  begins 
and  continues  in  the  upper  extremities  (paraplegia  cervicalis), 
while  the  lower  are  wholly  or  comparatively  free.  At  a  later 
time  there  is  palsy  of  all  four  extremities.  The  reflex  actions  are 
retained  in  the  upper  extremities.  Other  symptoms,  however, 
now  appear,  which  are  quite  characteristic  of  this  seat  of  lesion, 
and  are  due  to  implication  of  the  nerve-paths  there  situated. 
Such  are :  oculo-pupillary  symptoms,  either  paralytic  myosis 
(from  paralysis  of  the  corresponding  paths  in  the  cervical  me- 
dulla), or  spastic  mydriasis  (from  irritation  of  the  corresponding 
paths),  either  unilateral  or  bilateral ;  respiratory  disturbance, 
from  implication  of  the  respiratory  paths  ;  gastric  disturbances, 
repeated  mmiting,  difficulty  of  swallowing,  continued  hiccup, 
to  be  explained  by  implication  of  the  vagus,  spinal-accessory, 
and  phrenic.  In  many  cases  a  striking  and  permanent  retarda- 
tion of  the  pulse  has  also  been  observed,  down  to  48-20  beats  in 
the  minute,  accompanied  by  fainting-fits  with  complete  cessation 
of  pulse  ;  these  symptoms  have  been  referred  to  irritation  of  the 
vagus  (Charcot,  M.  Rosenthal) ;  and  finally,  epileptic  attacks 
have  often  been  seen  when  the  compression  was  situated  at  this 
point. 

If  the  cervical  enlargement  is  compressed,  the  initial  symp- 
toms of  pain,  anaesthesia,  spasm,  palsy,  atrophy,  are  localized 
in  the  upper  extremities ;  these  are  also  the  first  to  be  affected, 
and  the  lower  extremities  follow  later.  The  absence  of  reflex 
phenomena,  and  the  atrophy  which  soon  invades  the  upper  ex- 
tremities (see  above,  description  of  Pachymeningitis  Cervicalis 
Hypertrophica,  p.  221  et  seq.),  constitute  decisive  proof  that  this 
is  the  seat  of  disease.    In  this  form,  also,  one  or  several  of  the 
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above-named  sym23toms  may  appear  (changes  in  the  pupils,  dis- 
turbances of  respiration,  retarded  pulse,  etc.),  and  complete  the 
picture  of  the  disorder. 

The  portion  most  frequently  the  seat  of  compression  is  the 
dorsal  region.  The  symptoms  are  very  characteristic  :  girdle- 
pains,  intercostal  neuralgia  at  various  levels  of  the  trunk,  para- 
plegia up  to  the  corresponding  level,  reflex  actions  in  the  lower 
extremities  retained  and  increased,  nutrition  of  the  muscles  and 
their  electrical  excitability  intact,  etc. 

If  the  lumhar  region  is  affected,  the  paralysis  is  confined  to 
the  lower  extremities,  the  bladder,  and  rectum  ;  the  initial  symp- 
toms are  localized  in  the  lower  extremities ;  reflex  actions  are 
absent,  the  muscles  are  permanently  relaxed,  are  mostly  atro- 
phic, exhibit  the  reaction  of  degeneration,  etc.  The  paralysis 
of  the  bladder  and  rectum  is  complete,  and  severe  at  an  early 
period. 

It  scarcely  need  be  mentioned,  that  the  diagnosis  of  the  loca- 
tion may  be  sustained  and  confirmed  by  various  symptoms  con- 
nected with  the  vertebrsB — kyphosis,  swelling,  painfulness,  etc. 

If  only  one  lateral  half  of  the  cord  is  compressed,  the  charac- 
teristic symptoms  of  Brown- Sequard's  unilateral  lesion  appear: 
motor  paralysis  and  hypersesthesia,  and  increased  temperature 
on  the  side  of  the  lesion,  bounded  above  by  a  zone  of  ansesthesia, 
while  on  the  opposite  side  of  the  body  there  is  (crossed)  anses- 
thesia.   (See  below,  No.  14.) 

Course,  Duration,  Termination. — All  depends  on  the  nature 
of  the  primal  lesion.  In  meningeal  and  intra-meduUary  tumors 
(see  the  section  on  these)  the  disease  almost  always  goes  on  with- 
out stopping  to  its  termination ;  death  comes  sooner  or  later, 
after  months  or  years,  and  always  amid  the  painful  accompani- 
ments of  severe  spinal  paralysis — bed-sores,  cystitis,  fever,  ma- 
rasmus, etc. 

The  same  is  true  in  cases  where  vertebral  carcinoma  or  other 
malignant  tumors  are  the  cause  of  compression,  except  that  in 
these  the  fatal  result  is  usually  much  more  speedy. 

But  it  is  otherwise  in  mrtehral  caries,  which  is  by  far  the 
most  common  cause  of  spinal  compression.  In  most  of  these, 
the  course  is  comparatively  favorable.    A  good  many  perish  by 
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the  ordinary  process  oi'  severe  paraplegia,  bed-sores,  pysemic 
fever,  etc. ;  but  the  disease  usually  runs  on  more  slowly  to  its 
end,  with  remissions  and  exacerbations,  often  after  an  apparent 
cure,  if  the  vertebral  disease  is  lit  up  afresh  by  an  accident,  a 
surgical  injury,  a  severe  cold,  etc. 

In  more  fawrcible  cases,  the  paraplegia  remains  unchanged 
and  uniform  for  a  considerable  time  (two,  five,  to  ten  montlis, 
one  to  three  years) ;  bed-sores  do  not  appear,  or,  if  they  do,  are 
healed.  Finally,  a  slow  improvement  begins  ;  a  few  movements 
can  at  times  (for  example,  when  in  the  bath)  be  executed  by  the 
paralyzed  parts ;  then  they  are  resumed  permanently,  grow 
stronger,  the  contractures  disappear,  sensibility  improves,  the 
function  of  the  bladder  is  again  controlled  by  the  will,  the  excess 
of  reflex  action  diminishes.  The  patient  then  succeeds  in  stand- 
ing, and  by  degrees  learns  to  walk,  at  first  with  crutches,  then 
with  a  stick,  and  then  vsdthout  help.  Thus  he  may  be  completely 
restored ;  but  a  number  of  months  is  always  required  for  the  pur- 
pose. Such  kyphosis  as  is  present  may  remain  without  any 
change  ;  evidently  nothing  has  occurred  but  a  diminution  of  the 
exudation  in  the  spinal  canal,  by  which  a  resumption  of  use,  and 
repair  of  structure,  has  been  rendered  possible. 

The  result  is  not  always  so  completely  favorable.  Restora- 
tion may  remain  imperfect ;  partial  paralyses  and  contractures, 
local  atrophy  and  ansesthesia,  weakness  and  clumsiness  in  the 
use  of  the  limbs,  remain.  Such  persons  are  always  in  danger  of 
a  relapse,  and  any  external  injury  may  arouse  tlie  sleeping  dis- 
ease. 

Diagnosis. 

The  entire  group  of  symptoms,  their  beginning  and  succession, 
usually  enable  us  to  decide  with  ease  that  a  slow  compression  of 
the  cord  exists.  Of  characteristic  importance  are  the  initial  root- 
symptoms,  which  give  warnings  for  a  long  time  previous ;  and 
afterwards,  the  more  or  less  rapid  occurrence  of  paraplegia  with 
increased  reflex  action,  with  muscles  at  first  entirely  lax,  after- 
wards more  rigid,  etc. 

The  only  point  which  usually  presents  difficulties  is  that  of 
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the  cause  of  tlie  compression.  In  many  cases  it  will  be  quite  im- 
possible to  ascertain  the  cause,  as  in  small  exostoses  of  the  ver- 
tebrae, in  meningeal  tumors,  etc. 

In  the  ordinary  cases,  the  points  of  diagnosis  will  be  furnished 
by  the  external  circumstances,  those  belonging  to  the  primary 
disease  as  such,  although  these  will  not  always  insure  a  correct 
decision.    We  will  give  some  instances, 

Potfs  disease  usually  presents  the  symptoms  in  their  typical 
form,  and  the  actual  cause  of  them  cannot  be  ascertained  unless 
other  symptoms,  especially  characteristic  of  spondylitis,  are 
present — the  gradual  formation  of  kyphosis,  especially  if  angu- 
lar ;  painf  ulness  of  movements  of  spine  ;  great  tenderness  of  spi- 
nous processes  when  touched  ;  severe  pain  when  the  electrodes  of 
a  galvanic  current  are  placed  close  to  the  diseased  vertebra  (M. 
Rosenthal) ;  abscesses  of  congestion ;  youth  on  the  part  of  the 
patient,  especially  if  he  be  scrofulous ;  in  older  persons,  a  pre- 
vious traumatic  lesion,  etc. 

In  wrtebral  carcinoma,  the  violence  of  the  initial  pains  is 
usually  regarded  as  characteristic,  but  there  are  so  many  excep- 
tions to  the  rule  that  this  circumstance  ought  to  be  allowed,  at 
most,  only  to  establish  a  suspicion.  The  girdle-pains  and  other 
pains  of  excentric  origin  are  often  of  fearful  violence,  and  occur 
in  paroxysms,  especially  by  night.  Great  hypersesthesia  usually 
exists  in  the  painful  region,  together  with  all  other  possible  root- 
symptoms.  The  localization  of  the  pain  in  the  back  close  to  the 
vertebral  column  is  said  to  be  characteristic  (GruU).  If,  in  addi- 
tion, there  exist  a  local  pain  in  the  vertebrae,  progressive,  round 
curvature  of  the  column,  symptoms  of  compression  of  the  cord, 
an  external  prominence  and  general  cachexia,  the  diagnosis  be- 
comes plainer,  and  the  more  so  if  a  primary  cancer  can  be  shown 
anywhere  else  (as,  for  instance,  in  the  breast) — the  search  for 
which  should  be  a  first  duty.  Yet  it  is  possible  to  confound  this 
affection,  in  its  first  stages,  with  almost  any  other  one  which  com- 
presses the  roots. 

In  respect  to  meningeal  tumors  we  have  mentioned  the  most 
important  points  above  (p.  262  et  seq.) ;  they  are  usually  charac- 
terized by  slow  development,  and  also,  to  some  extent,  by  the 
absence  of  every  symptom  of  vertebral  disease. 
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In  regard  to  the  intra-meclullary  tumors  we  shall  speak  more 
in  detail  farther  on  (see  No.  18).  It  is  doubtless  extremely  hard,  in 
most  cases,  to  distinguish  them  from  cases  of  circumscript  trans- 
verse myelitis  of  spontaneous  origin.  We  merely  remark  here 
that  the  initial  symptoms  of  irritation  of  the  roots  are  usually 
absent,  and  that  they  open  with  symptoms  of  compression  and 
myelitis  caused  by  pressure. 

The  diagnosis  of  the  rarer  causes  of  compression  of  the  cord — 
gout  of  the  vertebrae,  exostoses,  syphilitic  new  formations,  aneu- 
risms, etc.— is  made  from  the  signs  which  are  applicable  to  these 
diseases,  though  their  uncertainty  is  well  known. 

Prognosis. 

This  follows  easily  from  what  we  have  stated,  and  depends  in 
the  first  instance  upon  the  fundamental  disease.  Carcinoma  of 
the  vertebrae,  tumors  of  the  meninges,  exostoses,  etc.,  are  never 
recovered  from.  If  they  lead  to  compression  of  the  cord,  the 
prognosis  is  very  bad,  or  absolutely  fatal,  and  the  most  that  can 
be  hoped  for  is  some  modification  of  the  duration  of  the  disease, 
depending  on  the  original  cause  and  the  greater  or  less  rapidity 
of  its  progress. 

Cases  due  to  compression  by  syphilitic  formations,  perimenin- 
geal  exudations,  and  vertebral  caries,  are  curable.  The  question 
whether  restitution  and  repau'  of  myelitis  from  compression  is 
possible  must  be  answered  decidedly  in  the  afiirmative.  Wher- 
ever the  cause  of  compression  is  capable  of  removal,  the  cure  of 
the  paraplegia  may  be  expected. 

This  seems  to  be  far  from  uncommon  in  Pott's  disease. 
Among  six  cases  of  paraplegia  from  vertebral  disease  which  have 
come  under  my  observation  in  the  past  year,  five,  including  two 
adults,  have  been  cured  or  decidedly  improved,  and  only  one  has 
terminated  fatally.  A  similar  result  is  reported  by  a  great 
many  (Leudet,  Charcot,  Courjon,  and  others).  Accordingly, 
the  prognosis  of  such  paraplegias  is  to  be  stated  as  compara- 
tively favorable,  with  a  certain  reservation.  A  good  recovery 
may  be  especially  looked  for  in  young,  pretty  well-nourished 
persons,  in  whom  the  disease  of  the  bone  has  not  assumed  con- 
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siderable  dimensions,  or  led  to  large  abscesses  of  congestion,  and 
who  also  are  not  very  scrofulous.  Complete  recovery,  with  the 
exception  of  the  permanent  deformity  of  the  spinal  column, 
seems  to  be  a  possible  thing.  In  many  cases,  however,  we  must 
be  content  with  an  imperfect  recovery. 


Treatmeut. 

Little  can  be  said  of  this.  In  cases  of  severe  lesion  (carci- 
noma, exostosis,  meningeal  tumor,  etc.)  there  is  simply  nothing 
to  do,  and  we  must  be  content  with  a  symptomatic  treatment  for 
the  relief  of  pain  and  other  discomforts,  and  for  prolonging  the 
patient's  life  as  much  as  possible. 

The  only  object  which  repays  treatment  is  formed  by  the 
cases  of  spondylarthrocace ;  a  steady  persistence  in  the  use  of 
rational  means  will  often  lead  the  disease  to  a  more  favorable 
course  and  gradual  recovery.  It  is  not  our  object  here  to  enter 
into  details  regarding  the  treatment  of  vertebral  caries,  but  only 
to  cast  a  passing  glance  upon  it. 

First  of  aU,  the  spine  should  be  kept  in  repose  as  nearly  as 
possible,  for  which  purpose  rest  in  bed  for  months  on  the  face  or 
back  is  necessary.  Apparatus  for  support  or  protection  of  the 
spine  may  be  very  useful  in  cases  where  movement  is  unavoida- 
ble, or  is  required  for  other  reasons,  or,  finally,  when  the  im- 
provement has  made  a  certain  degree  of  progress,  and  the  spine 
requires  still  further  care.  The  physician  must  be  earnestly 
warned  of  the  danger  of  those  mechanical  manipulations  which 
are  so  often  employed  by  ignorant  orthopedists  and  bandagers 
for  straightening  the  spine  and  relieving  the  curvature.  It  is 
quite  certain  that  kyphosis  is  not  usually  the  cause  of  para- 
j)legia. 

In  general,  a  tonic  treatment  is  to  be  recommended — good, 
abundant  diet,  such  as  is  specially  suited  to  scrofulous  patients, 
fresh  air,  iron,  quinia,  cod-liver  oil.  For  the  disease  of  tlie  bone 
itself,  preparations  of  iodine  are  much  in  favor ;  iodide  of  potas- 
sium, or  still  better,  iodide  of  iron,  and  externally,  painting  with 
tincture  of  iodine,  or  friction  with  strong  iodine  ointment.  In 
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proper  cases,  leeches  or  cups  may  be  applied  to  the  spine. 
Derivatives,  vesicants,  moxffi  are  great  favorites.  The  wliite-hot 
iron  has  lately  been  repeatedly  advised  as  peculiarly  efficacious 
in  Pott's  disease  (by  Charcot,  and  others).  Every  two  weeks,  on 
each  side  of  the  curvature,  from  two  to  four  eschars  are  to  be 
made  of  the  size  of  a  half-mark  piece  (sixpence  sterling),  and 
passing  through  the  entire  skin.  Strikingly  good  results  have 
been  observed  from  this  treatment  even  in  late  stages  of  the  dis- 
ease. Brine-baths  or  warm  sea-baths  may  support  this  treatment 
in  many  cases. 

For  the  myelitis  from  pressure  little  can  be  done  until  the 
cause  of  compression  is  removed.  In  the  cases,  which  have  been 
before  described,  where  the  cause  is  not  removable,  we  had 
better  not  undertake  any  treatment  for  the  relief  of  myelitis. 

In  vertebral  caries,  also,  we  should  do  best  to  put  off  this 
branch  of  the  treatment  until  the  compression  begins  to  dimin- 
ish ;  but  inasmuch  as  this  point  cannot  be  defined,  and  as  the 
hope  of  doing  good  is  likely  to  influence  us  at  an  early  date,  we 
shall  usually  find  ourselves  justified  in  employing  the  customary 
remedies  for  the  relief  of  chronic  and  subacute  myelitis  (cf.  be- 
low, Treatment  of  Myelitis).  These  include  local  bloodletting, 
derivatives,  frictions  with  mercurial  ointment,  the  exhibition  of 
iodide  of  potassium,  pencilling  with  iodine,  etc. 

When  the  process  of  regeneration  has  begun,  there  are  various 
remedies  which  may  possibly  hasten  it,  as  the  continued  use  of 
nitrate  of  silver,  iodide  of  potassium,  iodide  of  iron,  quinia, 
strychnia  (used  with  the  utmost  caution),  moderate  hydropathic 
measures,  and  most  especially  the  galvanic  current.  Ollivier  (p. 
481)  gives  a  case,  in  which  galvano-puncture  was  apparently  fol- 
lowed by  good  results.  I  have  acquired  the  impression  from 
my  own  experience  that  a  moderately  strong  galvanic  current, 
applied  in  the  stabile  way  to  the  point  of  lesion,  decidedly  favors 
the  restoration  of  the  spinal  functions.  I  place  the  poles  upon 
tlie  spine,  one  above,  the  other  below  the  seat  of  disease,  and 
pass  a  weak  current,  at  first  in  one  direction  and  then  in  the 
other,  for  two  or  three  minutes  in  all,  once  a  day.  I  have  never 
seen  this  do  harm.  Patience  and  perseverance  are  of  course 
required  for  this. 
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The  symptomatic  treatment  of  the  chief  special  symptoms 
(pain,  spasm,  atrophy,  bed-sore,  cachexy,  cystitis,  etc.)  is  gov- 
erned by  general  rules. 

When  a  cure  is  effected,  the  patient  should  be  strictly  warned 
against  fresh  injuries,  which  might  bring  on  a  relapse  of  his  com- 
plaint. 

6.  Concussion  of  the  Spinal  Cord  —  Commotio  MeduUce.  Spi- 

nalis. 

Alero'ombie,  Diseases  of  the  Brain  and  Spinal  Cord.  German  tr.  by  G-.  v.  d. 
Busch.  1839.  p.  520.— OlUvier,  L.  c.  I.  p.  iSS.—Leyden,  L.  c.  11.  p.  92.— Holmes, 
System  of  Surgery.  Vol.  II.  p.  238. — Clemens,  Die  Ej-schlltterung  des  R.-M.  und 
deren  Beliandlung  durch  Elektricitat.  Deutsche  Kliuik.  18C3-65. — Lidell,  On 
Injuries  of  the  Spine,  including  Concussion  of  Spinal  Cord.  American  Jonrn. 
of  Med.  Sci.  Oct.  1864. — Erichsen,  On  Railway  and  other  Injuries  of  the  Ner- 
vous System.  German  tr.  by  Kelp.  Oldenburg,  1868. —  Weihei;  Recovery  after 
Four  Years'  Paralysis,  following  Railway  Injury.  Boston  Med.  and  Surg.  Journ. 
July  18,  1872. — Morgan,  Injuries  of  the  Spine,  Result  of  Railway  Concussion. 
Med.  Press  and  Circular.  Jan.  1873. — Scliolz,  Ueber  Riickenmarkslahmung  und 
deren  Behandlung  durch  Cudowa.  1872.  p.  76. — Ericlisen,  On  Concussion  of 
the  Spine,  Nervous  Shock,  and  other  Obscure  Injuries  of  the  Nervous  System. 
London,  1875. 

Introduction  and  Definition. — Under  the  term,  ' '  Concussion 
of  the  Spine,"  we  include  those  cases  in  which  energetic  trau- 
matic influences  (falls,  blows,  collision,  etc.)  have  given  rise  to 
severe  disturbances  of  the  function  of  the  cord,  without  any 
considerable  msible  anatomical  changes  in  the  latter.  Slight 
changes,  small  capillary  extravasations,  etc.,  probably  exist  in 
such  cases,  but  they  do  not  seem  to  constitute  the  proper  es- 
sence of  the  disease ;  for  the  most  part,  the  anatomical  change 
is  quite  negative,  and  we  do  not  yet  know  what  changes,  if  an}'-, 
constitute  the  basis  of  the  concussion  proper. 

In  the  preceding  chapters  we  have  considered  cases  in  which 
severe  traumatic  injuries  have  given  rise  to  coarse  anatomical 
lesions — hemorrhages,  crushing,  hemorrhagic  softening  of  the 
cord,  etc.  We  have  now  to  deal  with  cases  in  which  this  does 
not  occur,  and  yet  there  are  severe  spinal  symptoms.  Whether 
these  two  classes  of  cases  are  different  only  in  degree,  and  may 
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gradually  run  into  one  another,  we  will  not  try  to  decide  ;  but  it 
does  not  seem  very  probable  to  us.  We  rather  incline  to  the 
view  that  the  concussion  of  the  cord  is  a  very  peculiar  kind  of 
disturbance,  and  that  more  or  less  of  it  is  usually  present  in 
those  severer  lesions,  but  concealed  to  some  extent  by  the  symp- 
toms. We  may  here  assume  a  similar  relation  to  that  which 
exists  between  concussion  and  contusion  of  the  brain  ;  the  for- 
mer being  a  condition  unaccompanied  by  any  certain  and  con- 
stant anatomical  changes,  and  the  latter  involving  crushing  and 
destruction  of  brain-tissue. 

We  may  here  include  with  safety  the  conditions  which  have 
been  named  shock  of  the  spinal  cord. 

The  diagnosis  is  in  many  cases  so  uncertain,  and  the  want  of 
satisfactory  evidence  from  autopsies  so  great,  that  the  history  of 
the  disease  is  still  surrounded  by  darkness.  We  shall,  there- 
fore, be  as  brief  as  possible,  consistently  with  the  great  practical 
importance  of  the  subject. 

Etiology  and  Pathogenesis. 

The  most  usual  cause  consists  of  a  fall  of  moderate  height 
upon  the  feet,  buttocks,  back,  and  less  frequently  on  both  arms 
outstretched  and  stiff.  I  have  observed  the  symptoms  in  two 
ladies,  produced  by  a  fall  on  the  ice  and  on  a  polished  floor  ;  a 
fall  on  the  buttocks  caused  by  slipping  down  stairs  is  often  men- 
tioned as  a  cause. 

A  Mow  from  a  heamj  tody  in  motion,  striking  the  spine  or 
trunk,  acts  in  quite  the  same  way. 

A  sudden  shock  to  the  whole  hody  produced  by  the  sudden 
cessation  of  a  rapid  motion— as  occurs  in  a  collision  between 
vehicles— is  a  common  cause  of  concussion  ;  of  late  years  raihoay 
accidents  have  played  a  very  prominent  part  in  such  injuries, 
the  rapidity  of  their  movement  essentially  increasing  the  force  of 
the  shock.  They  sometimes  seem  to  produce  quite  special  forms 
of  concussion,  and  have  been  carefully  studied,  especially  in 
England,  where  the  suits  for  damages  against  the  railway  cor- 
porations have  given  them  a  very  great  practical  importance. 

The  action  of  any  of  these  mechanical  causes  may  be  limited 
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more  or  less  to  a  portion  of  the  cord,  when  the  spinal  column 
has  been  directly  struck ;  but  it  may  extend  to  a  great  part 
or  the  whole  of  the  cord,  if  the  shock  has  been  indirect,  or  has 
affected  the  entire  system  at  once.  Severe  symptoms  do  not 
always  follow  directly  upon  the  accident ;  they  are  often  delayed 
for  weeks  or  months,  and  may  not  appear  until  some  other  in- 
jury has  been  received.  We  must  then  assume  that  the  shock 
has  only  produced  a  certain  tendency  to  disease  of  the  cord. 

All  these  mechanical  causes  may  produce  a  more  or  less  con- 
siderable lesion  of  the  soft  parts  or  the  spinal  column  ;  which  is 
quite  a  matter  of  accident. 

Besides  the  mechanical  causes,  there  are  others  capable  of 
producing  symptoms  very  like  those  of  concussion  of  the  cord, 
which  we  will  not  omit. 

Clemens  speaks  of  excessive  coitus,  conjoined  with  unusual 
excitement,  or  suddenly  interrupted,  or  practised  in  the  upright 
posture,  as  a  not  infrequent  cause  of  a  certain  sort  of  concussion 
of  the  cord,  said  to  be  indicated  by  sudden  weakness,  collapse 
of  muscular  force,  and  subsequent  severe  spinal  symptoms. 

Violent  mental  excitement,  especially  fear  or  anger,  is  con- 
sidered to  play  a  similar  part,  and  the  paretic  symptoms  which 
often  follow  such  excitement  are  referred  to  the  cord  ;  but  the 
nature  of  the  connection  is  quite  obscure,  and  seems  to  us  to  be 
effected  rather  by  congestion  or  myelitis,  than  by  a  change  re- 
sembling concussion. 

Finally,  there  is  no  doubt  that  a  stroke  of  liglitning  often 
causes  a  general  shock,  in  which  the  spinal  cord  participates, 
and  which  causes  speady  death.  The  person  struck  often  re- 
covers, but  with  paralysis,  paraplegia,  etc.,  for  various  periods 
of  time,  for  which  no  anatomical  basis  has  been  found.  A  sort 
of  concussion  is,  therefore,  supposed  to  be  experienced  in  such 
cases  by  the  central  nervous  system,  and  in  a  few  cases  by  the 
cord  especially.    We  cannot  form  an  exact  idea  of  it  at  present. 

The  patlwlogical  anatomy  of  concussion  of  the  cord  is  ex- 
tremely imperfect. 

In  many  cases  which  are  examined  at  an  early  period,  nothing 
at  all  is  found  in  the  cord,  or  at  most  one  or  two  small  unimport- 
ant extravasations  of  blood.   Leyden  reports  a  case  which  ended 
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fatally  in  five  days,  in  which  the  most  careful  examination  dis- 
closed no  alteration  of  the  cord. 

In  other  cases  anatomical  changes  are  found,  which  are  not 
severe  enough  to  be  considered  causes  of  death  ;  large  and  small 
clots,  crushings,  softenings  of  the  cord  in  various  places,  etc. 

In  cases  which  terminate  in  death  after  a  long  time,  chronic 
inflammatory  changes  may  be  found  ;  it  is  supposed  nowadays 
that  chronic  meningitis  and  myelitis,  and  various  forms  of  gray 
degeneration  and  sclerosis,  may  gradually  develop  out  of  con- 
cussion ;  but  this  is  not  determined  with  sufficient  precision. 

It  is,  therefore,  rather  rash  to  entertain  a  decided  opinion  re- 
garding the  proper  nature  of  concussion  of  the  cord.  It  seems 
to  be  certain  that  the  anatomical  report  is  a  negative  one.  The 
most  common  view,  therefore,  is  that  which  supposes  only  molec- 
ular changes  in  the  finer  nerve-elements  to  have  occurred,  giving 
rise  either  to  an  immediate  and  complete  functional  paralysis  of 
the  latter,  or  forming  the  commencement  of  further  disturbances 
of  nutrition,  which  at  a  later  time  may  result  in  degenerative 
inflammation.  H.  Fischer  *  has  recently  attempted  to  develop,  in 
a  complete  form,  another  view  of  the  cause  of  shock  and  concus- 
sion. He  considers  that  which  is  known  to  surgeons  as  shock  to 
be  nothing  more  than  a  traumatic  reflex  paralysis  of  the  vascular 
nerves  ;  the  concussion  of  the  brain  simply  a  shock  localized  in 
the  brain,  a  traumatic  reflex  paralysis  of  the  cerebral  vessels. 
Scholz  has  applied  this  view  directly  to  concussion  of  the  spine. 

We  cannot  see  that  Fischer's  argument  is  convincing  ;  it  is 
hard  to  understand  why,  in  so  severe  a  shock,  the  vascular  nerves 
alone  siiould  be  paralyzed,  to  the  exclusion  of  the  other  nervous 
elements ;  we  rather  believe  that  the  latter  are  ailected  to  at 
least  as  great  a  degree.  This  of  course  shakes  the  foundation  of 
Scholz' s  application  of  Fischer's  hypothesis  to  the  cord. 

For  the  present  our  opinion  is  that  the  molecular  disturhance 
is  the  chief  element  in  concussion.  Such  anatomical  changes  as 
may  be  present  in  individual  cases  are  accidental  and  not  essen- 
tial adjuncts.  It  is  perfectly  evident  that  concussion  of  the  cord 
must  very  often  be  complicated  with  contusion,  hemorrliage 
within  its  substance,  etc. 


•  Volkmann's  Samml.  klin.  Vortr.  Nos.  10  and  27. 
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A  very  interesting  statement  has  been  made  by  Erichsen ' — altliough  it  is  not  at 
present  quite  easy  to  interpret — to  tlie  effect  that  persons  who  are  sleeping  at  the 
moment  of  a  railway  accident  do  not,  as  a  rule,  receive  a  concussion  of  the  nervous 
system.  Those  sitting  with  their  backs  to  the  direction  from  which  the  shock 
comes,  are  the  most  severely  injured.  The  same  author  draws  an  excellent  com- 
parison between  the  effect  of  a  violent  mechanical  impression  upon  the  cord,  and 
the  loss  of  magnetism  in  an  iron  bar  which  is  struck  with  a  hammer. 

Symptoms. 

Tlie  phenomena  of  concussion  of  the  cord  may  vary  very 
much  ;  there  are  many  cu-cumstances  which  influence  it,  such  as 
the  nature  and  the  severity  of  the  traumatic  lesion,  the  degree  of 
individual  resistance,  perhaps  also  neuropathic  influences,  the 
external  cu'cumstances  as  regards  the  care  received,  and  the  rest 
taken,  with  a  variety  of  other  matters. 

In  fully  developed  cases  the  essential  point  lies  in  the  pres- 
ence of  a  sudden,  more  or  less  complete  loss  of  the  spinal  func- 
tion ;  if  the  concussion  is  local,  this  may  be  confined  to  the  parts 
below  the  point  of  shock  ;  if  diffuse,  it  may  extend  to  the  greater 
part  of  the  body.  We  observe  accordingly  a  more  or  less  exten- 
sive paralysis  and  ancesthesia,  coldness,  cyanosis,  weakness  of  the 
pulse,  disturbance  of  respiration,  retention  of  urine,  etc.  In  some 
cases  there  is  a  gradual  and  imperceptible  shading  from  slight 
weakness  and  relaxation  to  the  severest  j)alsy. 

After  some  minutes,  hours,  days,  or  even  weeks,  movement 
and  sensation  return  slowly ;  often  there  is  no  other  phenomenon 
developed  until  recovery  is  complete ;  more  often,  however,  a 
sort  of  stage  of  irritation  follows,  to  which  chronic  inflammatory 
spinal  disease  may  be  added ;  the  latter  may  under  some  cii-- 
cumstances  last  a  long  time  and  result  badly. 

Not  every  case,  however,  begins  with  severe  symptoms  ;  there 
exists  a  class  of  cases  which  ought,  without  doubt,  to  be  included 
here,  which,  commencing  with  the  most  trifling  symptoms,  after- 
wards develop  into  a  serious  chronic  spinal  disorder. 

The  result  is  the  production  of  a  great  diversity  among  the 
individual  cases  of  concussion  of  the  cord.  For  convenience  we 
present  here  the  following  principal  groups  in  outline  : 

'  On  Concussion,  etc.  p.  120. 
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a.  General  and  'oery  severe  symptoms  at  the  instant  of  in- 
jury.   Death  in  a  short  time.    Severe  form  of  shock. 

The  patient,  after  receiving  some  severe  injury  or  other,  is 
found  completely  paralyzed  in  all  his  extremities,  with  distinct 
anfesthesia,  great  prostration,  often,  though  not  always,  with  dis- 
turbance of  consciousness,  with  involuntary  evacuations.  The 
pulse  is  very  small,  weak  and  slow,  the  skin  cool  and  pale,  or 
slightly  cyanotic,  the  respiration  disturbed,  dyspnoic,  etc. 

In  a  few  hours  or  days  death  occurs  amid  general  prostra- 
tion, increasing  collapse,  and  paralysis  of  the  respiration  and 
circulation. 

In  this  class  must  be  included  the  cases  of  severe  injury  to 
the  cord  which  end  fatally  in  a  day  or  two  without  any  visible 
lesion  (as  crushing)  which  should  necessarily  involve  death. 

These  disturbances  are  plainly  due  to  a  severe  molecular  con- 
cussion of  the  substance  of  the  cord,  whereby  its  internal  nutri- 
tion is  impaired  and  arrested. 

J).  Severe  symptoms  at  the  moment  of  receiving  the  injury. 
Cure  in  a  short  time.    Slight  shocTc. 

Immediately  after  the  accident  the  patient  is  found,  usually 
in  full  possession  of  consciousness,  complaining  of  severe  and 
general  pains  in  his  body  or  in  the  lower  half  of  it.  The  lower 
extremities,  less  commonly  the  upper  also,  are  more  or  less 
severely  paralyzed ;  usually  there  is  anaesthesia  also,  but  the 
latter  is  not  always  present,  and  often  is  but  slight.  The  blad- 
der is  not  always  paralyzed.  There  are  no  symptoms  of  sj)asm. 
If  such  a  case  is  seen  within  a  moderate  time  after  the  accident, 
the  reflex  function,  especially  that  connected  with  the  tendons, 
may  be  found  exaggerated,  and  the  electrical  reaction  in  the 
paretic  parts  may  be  increased  or  depressed. 

In  a  few  days  improvement  appears  ;  the  patient  regains  the 
power  to  stand  and  walk,  but  slowly,  hesitatingly,  feebly,  and 
with  tremor.  The  pains  disappear ;  improvement  makes  rapid 
progress,  and  in  a  few  weeks  the  recovery  is  complete.  As  an 
example  of  this  form  I  repeat  the  following  case  in  brief. 

Johann  Schacfer,  set.  55,  day-laborer,  four  weeks  ago  fell  a  distance  of  twenty 
feet  from  a  tree,  landing  on  his  feet  and  buttocks.  He  was  not  unconscious,  but 
was  paralyzed  immediately,  and  had  to  be  carried  home.    The  following  symptoms 
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were  tliere  observed :  yiolent  general  pains  in  the  loins  and  legs.  Legs  quit-e  para^ 
lyzed  and  immovable  for  about  a  -week,  when  improvement  gradually  commenced, 
so  that  the  patient  can  now  walk  a  couple  of  steps.  The  sensation  of  tlie  legs  was 
always  good  ;  no  anaesthesia  was  observed.  Evacuation  of  the  bladder  always  nor- 
mal. Stool  retained  the  first  day,  afterwards  regular.  The  pains  have  disap2)eared 
by  degrees,  but  the  legs  still  tremble  and  are  stiif. 

Present  condition. — The  patient  can  scarcely  walk  two  steps,  and  does  it  slowly, 
hesitatingly,  dragging  his  feet,  but  without  ataxia.  Standing  on  the  toes  or  on  one 
foot  is  very  difficult.  Both  legs  tremble  when  he  stands.  Sensibility  of  the  lower 
extremities  quite  normal.  Cutaneous  reflex  functions  retained.  Tendinous  reflex 
function  strikingly  active.  No  distinct  atrophy  of  the  legs.  The  electrical  excita- 
bility of  the  nerves  and  muscles  of  the  lower  extremities  is  remarkably  depressed, 
without  qualitative  change.  Sphincters  and  uijper  extremities  quite  normal.  No 
change  in  the  back  and  vertebral  column.  Kegion  of  sacrum  somewhat  sensitive  to 
pressure. 

The  galvanic  treatment  (to  the  spinal  column  and  legs)  was  wonderfully  success- 
ful ;  after  a  few  sessions  the  patient  was  able  to  walk  quite  well,  and  was  discharged 
cured  after  twenty-two  (daily)  sessions.  The  electrical  reaction  was  again  almost 
normal. 

c.  Severe  symptoms  at  the  first ;  followed  hy  a  protracted  ill- 
ness of  some  years''  duration  ;  recovery  in  most  cases. 

Shortly  after  the  accident,  the  patient  displays  great  weak- 
ness, which  rapidly  increases  to  a  paralysis  of  various  extent, 
often  embracing  all  the  extremities.  With  this  are  associated 
acute  pains,  more  or  less  diffuse,  often  chiefly  located  along  the 
spine,  in  the  back  of  the  neck,  and  loins.  Parsesthesia  occurs  ; 
cutaneous  anaesthesia  is  not  usually  very  marked.  Retention  of 
urine  and  retardation  of  pulse  occur.  In  many  cases  an  impli- 
cation of  the  brain  is  indicated  by  unconsciousness  and  vomiting 
at  the  first ;  or  by  an  increased  irritability  of  mind  afterwards. 

Slow  and  gradual  improvement  occurs ;  great  weakness  of 
the  extremities,  slight  atrophy  of  the  muscles,  acute  pains  and 
great  sensitiveness  remain.  The  extremities  are  cool  and  livid, 
the  vertebral  column  is  painful  to  pressure,  and  often  excessively 
sensitive.  The  patient  is  obliged  to  learn  to  walk  by  slow  de- 
grees. After  a  long  time — often  years — a  condition  which  ap- 
proaches recovery  is  attained ;  but  the  patient  always  remains 
irritable  and  sensitive,  and  has  to  guard  against  injury.  The 
following  may  serve  as  an  illustration  : 
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Miss  X.,  aged  twenty,  in  April,  1872,  slipped  and  fell  on  a  polished  floor,  com- 
ing down  on  her  seat.  She  immediately  felt  a  severe  pain  in  the  hack  of  the  neck 
and  loins,  with  great  xoeahiess,  but  was  able  to  go  into  another  room.  In  a  quarter 
of  an  hour  she  vomited,  the  2mins  increased,  there  was  severe  paresis  of  the  entire 
body,  so  that  she  could  not  even  raise  her  head.  All  efforts  to  move  were  extremely 
painful,  and  she  was  excessively  sensitive  to  light.  Vertebra;  very  sensitive  to  pres- 
sure ;  numbness  of  hands  and  feet,  opi^ression  of  the  chest,  weak  and  slow  pulse ; 
such  were  the  leading  symptoms  at  first.  Urine  retained  only  during  the  first  day. 
In  the  third  month  she  begins  to  be  able  to  lift  her  head  a  short  time ;  the  feelings 
of  precordial  distress  disappear ;  afterwards  the  movements  of  hands  and  feet  are 
recovered.  At  the  beginning  of  September  the  patient  can  walk  a  few  steps,  if 
supported.    Improvement  very  slowly  progressing. 

At  the  beginning  of  June,  1873,  I  found  the  patient  a  fresh,  healthy  girl  in 
appearance,  but  with  very  excitable  nerves.  In  walking — for  which  a  slight  support 
is  required — a  marked  slowness  and  difficulty  in  performing  the  motions  strikes  the 
observer.  Her  back  seems  weak,  and  vacillates  in  various  directions.  In  a  few 
minutes  she  sinks  upon  her  knees,  and  is  forced  to  sit  down.  Standing  is  accom- 
plished tolerably  well  for  a  considerable  time.  Sitting  without  a  support  for  the 
back  is  possible  only  for  a  short  time.  No  ataxia.  Given  movements  are  easily 
executed  with  the  legs,  but  without  force.  Arms  and  head  quite  free  from  symp- 
toms. No  difliculty  with  the  bladder,  no  sense  of  constriction,  no  palpitation  of 
the  Iieart.  Sensibility  normal  everywhere ;  slight  numbness  is  said  to  be  felt  occa- 
sionally in  the  soles.  Spinal  column  straight,  easily  moved.  The  spinous  pro- 
cesses of  the  cervical  and  upper  dorsal  vertebrJE,  and  those  of  the  lumbar  vertebrae, 
are  very  sensitive  to  pressure. 

Galvanic  treatment  is  carefully  commenced,  and  is  followed  by  a  rapid  and 
progressive  improvement.  By  the  middle  of  August  the  patient  can  walk  quite 
securely  without  a  stick.  She  then  makes  use  of  the  cold-water  treatment  in 
Switzerland,  from  which  she  returns  with  fresh  improvement.  Another  five  weeks' 
course  of  galvanic  treatment  is  also  attended  by  good  results.  The  patient  was 
fully  cured  in  the  course  of  the  year  1874,  and  in  1875  was  married. 

d.  Very  slight  symptoms  at  the  heginning ;  a  severe  pr ogres- 
sloe  spinal  disease  develops  after  a  longer  or  shorter  time.  Re- 
sult doiihtful. 

At  the  first  moment — e.  g.,  it  a  railway  collision — the  symp- 
toms are  very  insignificant.  The  patient  has  a  sensation  of  hav- 
ing been  severely  shaken,  a  momentary  weakness,  perhaps  some 
confusion  of  mind,  but  soon  recovers,  picks  himself  up  and  walks 
about,  dismisses  apprehension  from  his  mind,  and  goes  on  his 
journey. 

On  the  next  day,  or  several  days  later,  or  even  after  weeks 
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and  months,  more  threatening  symptoms  set  in,  perhaps  pre- 
ceded for  a  considerable  time  by  very  slight  and  unnoticed 
premonitions.  A  general  depression  of  strength,  sleeplessness, 
slight  mental  indisposition,  tendency  to  shed  tears,  etc.,  may  be 
noticed ;  the  patient  cannot  attend  to  his  usual  business  ;  pains 
appear  in  the  back  and  limbs,  and  gradually  increase. 

Out  of  these  symptoms  a  group  gradually  develops,  which  is 
very  far  from  being  identical  in  given  cases,  but  which  in  general 
presents  the  following  as  its  chief  features  :  increasing  weakness 
of  the  legs,  which  may  reach  different  degrees  of  severity ;  the 
gait  is  uncertain,  straddling,  stiff,  and  dragging ;  uncertainty  in 
standing,  indications  of  disturbed  co-ordination  are  often  present. 
Stiffness  of  the  back  and  the  general  attitude.  Back  painful, 
especially  when  moved  ;  some  of  the  spinous  processes  extremely 
sensitive.  Girdle-sensation,  pargesthesia  of  all  sorts,  ansesthesia 
of  various  degree  and  location,  and  often  hypersesthesia.  Weak- 
ness of  the  bladder,  diminution  and  loss  of  sexual  power.  Im- 
paired general  nutrition,  pale  sallow  complexion,  changed  ex- 
pression of  countenance.  Marked  atrophy  in  certain  muscles 
and  groups  of  muscles,  often  quite  extensive.  Disturbances  of 
circulation,  bluish  complexion,  cold  extremities,  etc. 

With  these  are  usually  conjoined  symptoms  which  point  to  a 
disturbance  of  the  cerebral  functions  ;  broken,  poor  sleep,  timid- 
ity and  iiTitability,  weakness  of  intelligence,  impairment  of 
memory  and  of  power  to  work,  change  of  character,  constriction 
of  the  head,  increased  irritability  of  the  senses,  etc. 

These  are  essentially  the  marks  of  a  very  slow  meningo-my- 
elitis,  associated  with  more  or  less  considerable  disturbances  of 
the  cerebral  functions. 

The  subsequent  course  of  the  disease  usually  fluctuates  a 
good  deal.  Periods  of  apparent  improvement  and  comparative 
health  alternate  with  those  of  downward  progress.  On  the 
whole,  a  gradual  loss  usually  occurs ;  a  favorable  result  is  sel- 
dom seen  ;  but  cases  occur  in  which,  after  a  very  long  time,  the 
disease  has  considerably  improved,  or  at  least  has  ceased  to  make 
progress. 

This  category  is  largely  composed  of  the  cases  which  Erichsen 
has  so  admirably  described ;  they  have  been  observed  more  fre- 
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quently  of  late,  especially  as  a  consequence  of  railway  accidents, 
and  have  acquired  a  great  practical  importance  in  connection 
with  the  latter  {railioay- spine  of  the  English).  They  may,  how- 
ever, equally  well  follow  other  severe  concussions  of  the  body, 
and  especially  of  the  back.  Clemens  describes  a  similar  case,  in 
which,  after  a  fall  from  a  scaffolding,  atrophy  and  paralysis 
began  to  appear  three-quarters  of  a  year  after  the  accident.  The 
two  last  observations  by  Scholz  are  excellent  instances  of  this 
form  of  concussion.  There  are  various  cases  of  progressive  mus- 
cular atrophy  originating  in  surgical  injury  which  might  be  in- 
cluded here. 

Diagnosis. 

It  is  a  matter  of  no  small  difficulty  to  establish  a  concussion 
of  the  cord  with  certainty,  since  the  symptoms,  especially  at  the 
beginning,  possess  a  very  close  resemblance  to  those  of  slight 
hemorrhages  or  contusions  of  the  cord. 

The  entire  group  of  concussions  of  the  spinal  cord  is  still 
somewhat  doubtful  and  undefined,  and  by  many  is  only  retained 
in  order  to  serve  as  a  receptacle  for  certain  cases  which  cannot 
otherwise  be  easily  interpreted.  We  shall  make  an  attempt  at  a 
stricter  definition. 

The  distinguishing  character  of  concussion  is  the  fact  that,  in 
consequence  of  some  one  of  the  above-mentioned  causes  (espe- 
cially a  traumatic  lesion),  severe  disturbances  of  the  functions 
of  the  cord  occur,  while  at  the  same  time  the  entire  course  of 
events  shows  the  absence  of  any  severe  anatomical  lesion,  such 
as  often  actually  follow  such  accidents. 

The  case  may  then  tal^e  one  of  two  forms :  either  (1)  severe 
disturbance  quickly  appears,  most  severe  immediately  after  the 
injury,  and  is  followed  in  a  comparatively  short  time  by  improve- 
ment, disappearance  of  the  grave  symptoms,  until  recovery  is 
complete ;  or  (2)  no  symptoms  appear  at  first,  or  at  most  only 
trifling  ones,  the  functions  of  the  cord  are  comparatively  free, 
the  idea  of  a  severe  anatomical  lesion  of  the  cord  seems  inadmis- 
sible, and  yet  after  a  longer  or  shorter  time  severe  and  increasing 
disturbances  do  follow,  which  indicate  a  profound  affection  of 
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the  cord.  In  both  cases  we  shall  be  compelled  to  assume  the 
existence  of  molecular  changes  due  to  the  traumatic  lesion. 

Either  class,  however,  may  give  rise  to  mistakes. 

Cases  of  the  first  class  may  be  mistaken  for  crushing  and 
contusion  of  the  cord,  with  hfematomyelia  and  hasmatorrliachis. 
The  symptoms  of  all  these  may  be  very  much  alike  at  the  begin- 
ning ;  but  it  is  not  impracticable  to  draw  the  diagnosis.  Concus- 
sion agrees  with  crushing  and  tearing  and  with  hsematomyelia, 
in  the  severity  of  its  initial  symptoms,  its  paralysis,  etc.  ;  but  its 
course  is  much  more  rapid  and  favorable.  This  point  is  entirely 
decisive.  When,  therefore,  an  apparently  severe  paraplegia 
comes  to  a  favorable  ending  in  a  few  days  or  weeks,  without 
bed-sores,  etc.,  we  should  assume  the  existence  of  concussion. 
The  rapidity  of  recovery  and  the  favorable  termination  belong  to 
hsematorrhachis  and  to  concussion ;  but  the  initial  symptoms 
are  different,  being  usually  more  severe  in  concussion.  In  lise- 
matorrhacliis  the  preponderant  symptoms  are  those  of  pain  and 
spasm  ;  the  paralysis  is  slighter ;  in  concussion  the  opposite  is 
usually  the  case. 

The  hypothesis  of  a  concussion  may  be  favored  by  the  follow- 
ing circumstances :  distribution  of  the  paralysis  over  the  entire 
spinal  region  without  the  corresponding  disturbance  of  respira- 
tion and  the  rapidly  fatal  result  which  are  the  regular  conse- 
quences of  crushing  of  the  cervical  region ;  paleness  and  coolness 
of  the  skin,  small,  retarded  pulse,  absence  of  dislocation  or 
fracture  of  the  vertebra,  absence  of  pain  and  stiffness  of  the 
back  at  the  commencement,  etc. 

Cases  of  the  second  class  are  not  essentially  distinct  from 
those  of  myelitis  or  myelo-meningitis  with  a  slow  beginning, 
and  are  to  be  known  only  by  the  cause — the  immediate  and  un- 
questionable connection  of  the  symptoms  with  some  traumatic 
or  similar  cause.  The  concussion  should  then  be  regarded  only 
as  the  cause  and  starting-point  of  an  organic  disease. 

We  believe  that  the  points  of  vieAv  we  have  taken  will  enable 
the  reader  to  form  at  least  a  more  correct  judgment  and  a  clearer 
definition  in  many  cases  of  concussion  of  the  cord.  Much  re- 
mains to  be  done  in  this  respect ;  the  first  thing  consists  in  col- 
lecting accurate  reports  of  cases,  avoiding,  more  carefully  than 
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has  hitherto  been  done,  the  intermixture  of  other  sorts  of 
lesions. 

The  diagnosis  will  have  to  remain  very  obscure  in  many  cases ; 
it  will  of  course  be  the  most  difficult,  where  with  the  concussion 
there  exists  at  the  same  time  some  severe  lesion,  as  crushing  or 
bleeding  of  the  cord.  In  such  cases  it  will  often  be  impossible 
to  make  an  accurate  diagnosis  ;  but  in  many  a  careful  sifting  of 
evidence  will  perhaps  succeed  in  distinguishing  the  two  classes 
of  injury.  The  diagnostic  evidence  will  here  consist  in  the  dis- 
appearance of  the  symptoms  of  concussion  from  a  part  of  the 
body — a  reduction,  as  it  were,  of  the  functional  disturbance  to 
that  point  where  it  is  properly  commensurate  with  the  anatomi- 
cal lesion. 

Prognosis. 

In  the  severest  forms  of  concussion  of  the  cord,  known  as 
shock,  the  prognosis  is  always  very  grave.  The  lighter  cases  of 
this  sort  mostly  recover ;  if  improvement  rapidly  occurs,  and 
good  care  is  taken  of  the  patient,  the  prognosis  will  be  quite 
favorable.  It  is,  on  the  whole,  not  very  bad,  when  compared 
with  the  severity  of  the  brief  initial  symptoms. 

At  all  events,  cases  with  severe  initial  symptoms  seem  to  be 
the  very  ones  whicli  warrant  a  favorable  prognosis  as  compared 
with  those  whose  development  is  slow  (Erichsen). 

But  even  in  protracted  and  sluggish  cases,  the  prognosis  is  not 
absolutely  unfavorable.  If  distinct  myelitic  or  meningitic  symp- 
toms appear,  the  prognosis  must  be  made  as  for  these  diseases ; 
but  even  in  the  latter  case,  an  attack  which  originates  from  con- 
cussion in  a  comparatively  well  person  admits  of  a  more  favor- 
able prediction  than  one  of  spontaneous  origin.  But  when  the 
improvement  ceases,  when  after  one  or  two  years  of  rational  treat- 
ment it  makes  no  further  progress,  recovery  is  hardly  to  be  ex- 
pected. 

If  tliere  is  a  severe  anatomical  lesion  along  with  the  concus- 
sion, such  a  lesion  determines  the  prognosis  when  the  danger  of 
shock  is  over. 


356   ERB. — DISEASES  OP  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

Treatment. 

According  to  the  form  assumed,  the  treatment  must  vary. 

In  many  cases  the  most  urgent  indications  are  those  for  treat- 
ment of  shock.  We  must  first  make  a  most  careful  examination, 
must  observe  the  pulse,  the  respiration,  etc.  A  quiet  and  easy 
place  to  lie,  warmth  to  the  body,  covering  with  warm  clothes, 
rubbing  the  skin,  are  the  first  things  to  attend  to.  Then,  in  most 
cases,  stimulants  must  be  given  in  full  doses  ;  we  should  select, 
according  to  circumstances,  wine,  coffee,  tea,  hot  spirit  and  water, 
cognac,  and  the  like  ;  or  such  drugs  as  aromatic  spirit  of  ammo- 
nia, ether,  musk,  camphor,  etc.  In  severe  and  threatening  cases, 
strong  cutaneous  irritation  is  indicated,  large  sinapisms  and  vesi- 
cants, the  faradic  brush,  etc.  It  must  be  decided  by  further  ex- 
periments whether  the  subcutaneous  injections  of  strychnia  em- 
ployed by  Leyden  will  be  serviceable. 

Bloodletting,  formerly  very  popular,  must  always  be  used 
with  care  in  such  cases ;  we  may  employ  it  in  certain  cases  of 
robust  persons,  of  full  habit  of  body,  if  their  pulse  is  strong,  the 
temperature  normal  or  increased,  the  spinal  column  decidedly 
painful  at  one  point,  or  if  we  suspect  some  anatomical  lesion,  etc. 
We  shall  rarely  have  reason  to  use  general  bloodletting ;  the 
local  will  usually  suffice. 

In  the  second  place,  we  shall  have  to  treat  symptoms  of  reac- 
tion. Here,  too,  absolute  rest  in  a  suitable  position  is  required  ; 
if  the  patient  does  not  bear  lying  on  the  side  or  face,  he  may  lie 
on  his  back  upon  a  couch  tilted  down  at  its  foot  (Erichsen). 
According  to  the  violence  of  the  symptoms,  we  shall  then  have  to 
use  the  ordinary  remedies  for  hypersemia  of  the  cord,  for  slight 
meningitis  and  myelitis — cold,  moist  or  dry  cups,  derivation  to 
the  skin  and  intestine,  ergot,  iodide  of  potassium,  etc. 

A  careful  loatcMng  of  the  period  of  convalescence  is  necessary 
after  these  symptoms  have  passed  away.  The  patient  must  care- 
fully avoid  all  injurious  things ;  especially,  he  must  strictly 
abstain  from  bodily  and  mental  excess  of  work,  sexual  excesses 
or  excitement,  colds,  unusual  jarring  of  the  body  (as  by  long 
drives,  driving  in  bad  roads,  etc.) ;  and  he  must  be  careful  to  get 
enough  sleep.    Recovery  can  often  be  favored  by  careful  friction 
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with  cold  water,  by  moderate  use  of  the  galvanic  current  (ascend- 
ing and  stabile  through  the  spinal  column),  or  peripheral  fara- 
dization ;  by  the  careful  use  of  chalybeate  spring-baths  abound- 
ing in  carbonic  acid  (Cudowa,  Schwalbach,  etc.) ;  also,  by  the 
internal  use  of  tonics,  iron,  quinia,  cod-liver  oil,  etc.  Strychnia 
should  not  be  resorted  to  until  all  the  symptoms  of  irritation  are 
past.  Patience  is  necessary,  as  many  of  these  cases  last  a  des- 
perate while. 

It  remains  to  speak  of  the  treatment  of  the  sequelcB,  tedious 
and  often  severe,  which  follow  so  many  cases  of  concussion  of 
the  cord.  In  most  of  these  cases  the  treatment  of  chronic  myelo- 
meningitis will  be  appropriate.  Quiet,  and  a  well-ordered  life, 
are  of  the  first  importance,  and  after  this  we  may  attend  to  the 
administration  of  special  remedies,  according  to  the  usual  princi- 
ples—of which  the  chief  will  be  the  galvanic  current,  derivations 
to  the  skin,  and  iodide  of  potassium.  Erichsen  praises  the  effi- 
cacy of  a  combination  of  corrosive  sublimate  and  quinia.  The 
preparations  of  strychnia  and  iron  will  not  be  called  for  until  a 
later  period,  when  things  have  taken  a  favorable  turn.  The 
mineral  springs  are  of  especial  importance  in  these  cases  ;  a  pro- 
per selection  is  difficult  to  make,  in  the  present  state  of  our 
knowledge.  Thermae,  especially  the  hotter  ones,  seem  decidedly 
injurious,  while  moderate  and  careful  cold-water  cures  seem  dis- 
tinctly useful.  Scholz  praises  the  Cudowa  springs  as  the  chief 
resource  in  most  cases  of  concussion  of  the  cord ;  he  states  the 
indications  somewhat  thus  :  Cudowa  is  indicated  in  all  pure,  un- 
complicated cases  of  concussion ;  in  the  later  periods  it  is  espe- 
cially indicated  when  there  are  few  inflammatory  symptoms,  even 
in  marked  paralysis  and  ansesthesia.  Cudowa  is  nearly  useless 
for  distinct  meningitis. 

In  all  circumstances,  the  treatment  of  these  severe  and  pro- 
longed cases  requires  great  care  and  skill. 

7.  Functional  Irritation  of  the  Spinal  Cord — Spinal  Irrita- 

tation. 

Btiebel,  Rust's  Magazin.  XVI.  p.  550.  1823.— C.  Brown,  On  Irritation  of  the  Spinal 
Nerves.  Glasg.  Med.  Journ.  No.  2.  May,  1828.— 2'.  Pi-idgin  Teale,  A  Treatise 
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of  Neuralgic  Diseases  dependent  upon  Irritation  of  the  Spinal  Marrow,  etc.  1829. 
— Hinterhergei;  Abliandlung  iiber  die  Entziindung  des  R.-M.  u.  s.  "w.  Linz, 
1831. —  W.  and  D.  Griffin,  Observations  on  Functional  Affections  of  the  Spinal 
Cord,  etc.  Loudon,  1834. — Olliviei;  1.  c.  IL  p.  209. — Stilling,  Physiologische  und 
patliol.  etc.,  Untersucli.  iiber  die  Spinalirritation.  Leipzig,  1840. — Tuerck,  Ab- 
haudlung  iiber  Spinalirritation.  Wien,  1843. — O.  Ilirsch,  Beitr.  zur  Erkenntniss 
und  Heilung  der  Spinalneurosen.  Kouigsberg,  1843. — Eisenmann,  Zur  Spinal- 
irritation. Neue  med.-chir.  Zeitung.  1844.  No.  1. — A.  Mayer,  Ueber  die  Un- 
zulassigkeit  der  Spinalirritation  als  besondere  Krankheit.  Mainz,  1849. — Die 
Lehre  von  der  sog.  Spinalirritation  in  den  letzten  10  Jahren.  Archiv  der  Heilk. 
L  1%QO.—Romlerg,  Nervenkrankheiten.  3.  Auflage  Bd.  L  p.  184.  1853.— 
Wunderlich,  Handb.  der  Pathologic  und  Therapie.  2.  Autl.  Ill  p.  28.  1854. — 
Axenfeld,  Des  uevroses.  Paris,  1863.  p.  284. — Radcliffe,  Reynolds'  System  of 
Medicine.  II.  p.  640.  1868. — Beard  and  Rockwell,  A  Practical  Treatise  on  the 
Uses  of  Electricity,  p.  350.  \%n.—Hammond,\.  c.  p.  397.  \Q1^.—Leyden,\.c. 
IL  p.  3.  1875. 


Introduction  and  Definition. — A  good  deal  of  change  has 
taken  place  in  the  views  entertained  respecting  the  existence,  the 
pathological  position  and  significance  of  the  group  of  symptoms 
which  has  been  so  well  known  by  the  term  "spinal  irritation" 
since  the  time  of  Brown  (in  1828).  Sometimes  greatly  overrated, 
its  importance  and  frequency  exaggerated  beyond  limit,  and 
used  as  a  common  term  for  many  most  heterogeneous  forms  of 
disease  in  which  pain  of  the  back  and  sensitiveness  of  the  verte- 
brae happened  to  be  present,  spinal  irritation  has  been  considered 
one  of  the  commonest  of  diseases  ;  while  again,  at  the  time  when 
pathological  anatomy  was  made  the  sole  judge  of  everything,  it 
was  entirely  denied  recognition,  or  regarded  as  at  most  a  frequent 
and  rather  meaningless  symptom,  so  that  it  has  almost  passed 
from  the  memory  of  the  present  living  generation  of  physicians. 

No  one,  however,  who  has  had  much  practical  experience  and 
who  understands  how  to  observe,  can  have  failed  to  see  that 
there  is  a  considerable  number  of  cases  which  by  no  means 
deserve  to  be  confounded  with  hysteria,  as  has  commonly  been 
done  ;  and  which,  on  the  other  hand,  do  not  agree  with  the  other 
forms  known  to  us,  especially  the  ordinary  spinal  complaints, 
while  they  exhibit  a  sufficient  mutual  resemblance  and  agree- 
ment. 

Such  cases  occur  chiefly  in  the  female  sex.    They  are  charac- 
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terized  by  a  great  irritability  of  the  sensory  functions,  with  motor 
weakness  and  debility,  in  which  one  of  the  most  constant  symp- 
toms is  pain  in  the  back  and  great  sensitiveness  of  many  spinous 
processes  to  pressure.  In  these  cases  the  group  of  symptoms,  as 
a  whole,  and  the  general  course,  unite  to  exclude  with  certainty 
any  coarse  anatomical  lesion  of  the  nervous  system. 

These  diseases,  which  are  distinguished  by  the  great  incon- 
stancy of  the  symptoms,  and  a  great  variety  in  the  localization 
and  the  apparent  nature  of  the  case,  but  which  possess  certain 
essential  features  in  common,  we  will  name  "spinal  irritation," 
and  we  justify  the  use  of  the  term  by  claiming  that  the  disease  it 
represents  is  sufficiently  characteristic  in  form.  It  must  be  ad- 
mitted that  the  term  is  only  a  symptomatic  one,  as  long  as  the 
pathological  anatomy  is  so  completely  in  the  dark. 

We  would  state  plainly,  that  the  idea  of  spinal  irritation 
involves  its  own  complete  series  or  group  of  symptoms  ;  and  that 
all  other  known  forms  of  disease,  especially  all  organic  diseases 
and  tangible  anatomical  lesions,  must  be  excluded.  Thus  we 
throw  out  all  those  cases  which  have  so  much  confused  our  ideas 
of  spinal  irritation,  in  which  the  simple  presence  of  spinal  pain 
and  tenderness  have  been  supposed  to  prove  the  existence  of 
spinal  irritation.  Spinal  pain  occurs  in  numberless  diseases — 
hysteria,  intermittent  fever,  many  affections  of  the  thoracic  and 
abdominal  organs  (compare  Tuerck's  instructive  presentation) ; 
but  this  does  not  imply  that  spinal  irritation  is  present  in  these 
diseases.  In  hysteria,  the  entire  series  of  symptoms  often  occurs, 
and  so  do,  not  infrequently,  all  other  possible  neuroses  (intercos- 
tal neuralgia,  migraine,  spasm  of  the  diaphragm,  etc.).  Never- 
theless, spinal  irritation  does  occur  in  an  isolated  form,  and 
deserves  separate  consideration.  It  is  the  duty  of  diagnosis  to 
establish  in  each  case  the  independence  or  the  secondary  nature 
of  the  disease. 

We  have  no  more  right  to  refuse  to  spinal  irritation  the  claim 
to  a  separate  existence,  simply  on  the  ground  of  the  want  of  a 
known  basis  of  anatomical  lesion  in  the  cord,  than  we  have  to  do 
the  same  in  acute  ascending  paralysis,  in  tetany,  and  many 
other  diseases  which  betray  an  equally  imperfect  knowledge  of 
pathological  anatomy. 
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At  all  events,  we  believe  that  in  the  statement  we  are  going 
to  make,  we  shall  present  forms  of  disease  with  which  practition- 
ers are  well  acquainted,  and  for  which  neither  the  diagnosis  of 
"hysteria,"  nor  general  "nervousness,"  nor  any  known  ana- 
tomical form  of  disease,  sufficiently  accounts. 

Etiology. 

The  female  sex  is  'oery  much  predisposed  to  the  disease.  The 
number  of  women  suffering  from  spinal  irritation  is  far  greater 
than  that  of  men  ;  yet  the  disease  occurs  in  men  also.  Youth  is 
also  decidedly  liable ;  very  much  the  greater  number  of  cases 
occur  between  the  fifteenth  and  the  thirtieth  year.  Finally, 
herreditary  neuropathic  tendency  plays  a  very  considerable  part. 

Among  the  direct  causes  it  is  usual  to  enumerate  everything 
which  excites  and  weakens  the  nervous  system,  and  depresses 
its  power  of  action.  This  includes  strong  psychical  impressions, 
great  excitement  of  the  feelings,  fright,  grief,  care,  unfortunate 
love,  violent  passions,  etc. ;  also  excessive  bodily  exertions,  severe 
marches,  watching  by  night,  work  by  night,  etc.  ;  in  like  manner, 
great  sexual  excitement  and  excesses,  onanism  in  excess,  con- 
tinued and  frequent  sexual  excitement  without  gratification  ;  and 
finally,  bad  food,  imperfect  formation  of  blood,  exhausting  dis- 
eases, losses  of  blood  and  fluids.  All  these  things  may  pro- 
duce spinal  irritation. 

Intoxication  with  alcohol  or  opium,  traumatic  agencies,  cold, 
etc.,  are  also  named  as  occasional  causes. 

At  the  time  when  every  patient  with  pain  and  tenderness  of 
the  spine  was  considered  to  have  spinal  irritation,  numberless 
diseases  of  the  peripheral  organs,  and  especially  those  of  the 
intestine  and  uterus,  were  considered  as  giving  rise  to  a  symp- 
tomatic form  of  spinal  irritation,  as  it  was  called.  Such  a  thing 
is  now  no  longer  spoken  of. 

As  we  do  not  yet  know  what  takes  place  in  the  cord  in  cases 
of  spinal  irritation,  and  as  the  pathological  anatomy  of  the  dis- 
ease does  not  at  present  exist,  it  is  hard  to  form  a  reasonable 
idea  of  the  nature  of  the  action  of  all  these  causes.  We  gladly 
omit  all  statements  regarding  the  pathogenesis  of  the  disease. 
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Symptoms. 

The  development  is  usually  gradual.  Slight  pain  and  dis- 
comfort in  the  back  appear,  especially  between  the  shoulder- 
blades — at  first  only  upon  unusual  occasions,  during  excitement 
or  fatigue  ;  by  degrees  they  become  more  permanent  and  require 
less  and  less  to  produce  them.  To  these  are  added  all  kinds  of 
excentric  pains,  increased  nervous  irritability,  loss  of  general 
power,  etc.,  and  all  this  increases  until  the  disease  is  fully  dev- 
eloped. 

Often,  however,  the  development  occurs  quickly — in  a  few 
days,  especially  when  very  powerful  influences  have  acted  upon 
predisposed  persons. 

The  disease  then  presents  the  following  general  aspect : 

The  patient  is  oppressed  by  a  more  or  less  troublesome  sense 
of  illness  ;  a  general  malaise,  increased  psychical  irritability,  has 
seized  upon  her.  In  most  cases  she  complains  especially  of  pain 
in  the  hack,  situated  in  various  spots,  but  most  frequently  be- 
tween the  shoulder-blades,  next  in  the  back  of  the  neck,  less  fre- 
quently in  the  loins.  .  It  grows  more  severe  when  any  movement 
or  exertion  is  made,  and  in  the  exacerbations  of  the  disease. 

An  examination  usually  discovers  at  the  spot  mentioned  a 
great  sensitiveness  to  pressure,  tapping,  the  passage  of  a  hot 
sponge,  electricity,  and  other  irritations.  This  sensitiveness  may 
be  so  great  that  the  lightest  touch  calls  forth  loud  expressions  of 
pain,  the  weight  of  the  clothes  becomes  intolerable,  and  leaning 
the  back  against  anything  impossible.  The  skin  of  the  alfected 
portions  of  the  back  is  usually  very  hypersesthetic,  but  the  spi- 
nous processes  themselves  are  usually  very  sensitive  to  pressure. 
The  degree  and  character  of  the  pain  differ  greatly  in  individual 
cases  ;  the  pain  is  commonly  described  as  a  more  or  less  severe 
sense  of  aching,  which  often  lasts  a  considerable  time  beyond  the 
effect  of  the  irritation.  Hammond  describes,  in  addition,  a  deep- 
seated  pain  of  the  back,  which,  he  says,  is  produced  by  pressure 
on  vertebra?  which  are  not  sensitive,  by  movements  of  the  spinal 
column,  by  standing,  etc. 

To  this  are  added  a  crowd  of  other  symptoms  ;  but  what  most 
troubles  the  patient  is  the^am  felt  in  various  parts  of  the  body : 
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neuralgiform  pains,  now  in  the  upper  extremities,  or  the  occi- 
put, or  face  ;  now  in  the  trunk  or  viscera,  assuming  the  form  of 
various  visceral  neuralgise  ;  again  in  the  lower  extremities,  pelvic 
region,  bladder,  or  genitals ;  pain  often  of  great  violence  and 
severity,  sometimes  fleeting,  sometimes  more  permanent,  and 
often  brought  back  by  slight  causes. 

With  these  pains  parcBsthesice  are  often  connected ;  tingling, 
formication,  a  sense  of  burning  and  heat,  often  of  cold  also  ;  but 
these  are  less  prominent.  The  same  is  true  in  a  still  greater 
degree  of  actual  ancesthesia ;  it  seems  to  be  very  seldom  ob- 
served. 

Marked  disturbances  of  motility  are  regularly  observed — 
above  all,  great  weariness  and  exhaustion  upon  slight  efl'orts  ; 
the  patient  has  lost  all  endurance  in  walking,  can  walk  but  a  lit- 
tle way,  and  presently  not  at  all,  on  account  of  the  intolerable 
pain  the  act  occasions.  Most  patients  therefore  find  it  agreeable 
to  lie  on  the  back,  and  usually  continue  thus.  Manual  occupa- 
tions, such  as  knitting,  sewing,  piano-playing,  writing,  etc.,  are 
more  and  more  restricted,  and  at  last  are  quite  suspended,  chiefly 
owing  to  the  pain  produced  in  the  back  or  limbs.  No  real  paral- 
ysis usually  exists  ;  all  movements  are  possible,  but  provoke  vio- 
lent pains ;  and  there  is  no  power  of  endurance.  The  nearest 
approach  to  palsy  consists  in  a  moderate  general  paresis,  occur- 
ring in  but  few  cases ;  proper  paralysis  is  not  one  of  the  symj)- 
toms  of  spinal  irritation. 

On  the  other  hand,  much  is  said  of  spasmodic  symptoms ; 
fibrillary  twitchings,  spasms  of  some  muscles,  choreoid  move- 
ments, singultus,  etc.,  are  often  observed.  Even  permanent  con- 
tractures, epileptic  attacks,  etc.,  are  said  (probably  without 
truth)  to  have  been  observed  as  consequences  of  spinal  irritation. 

Vaso-motor  disturbances  are  also  ver}^  frequent ;  most  pa- 
tients exhibit  an  abnormal  irritability  of  the  vessels,  and  easily 
turn  red  or  pale  ;  most  of  them  suffer  from  marked  coldness  of 
the  hands  and  feet,  which  are  often  of  a  bluish,  cyanotic  color. 

Functional  disturbances  of  the  vegetative  organs,  of  a  great 
variety  of  forms,  are  also  very  common ;  eructations,  nausea, 
even  vomiting  occur  ;  palpitations  of  the  heart  are  very  frequent ; 
disturbances  of  breathing,  spasmodic  cough,  etc.,  are  less  com- 
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mon  ;  while  vesical  spasm,  increased  desire  to  urinate,  abundant 
discharge  of  pale,  clear  urine,  are  more  frequent,  but  actual 
palsy  of  the  bladder  and  rectum  does  not  seem  to  occur. 

Finally,  a  symptom,  which  seems  quite  a  regular  one,  is  that 
of  increased  psycMcal  irritdbility  and  depression,  with  more  or 
less  sleeplessness ;  there  is  often  some  dizziness,  noise  in  the 
ears,  inability  to  read  continuously,  owing  to  the  appearance  of 
musc£E  and  disturbances  of  vision,  etc. 

The  physiognomy  of  the  disease  is  thus  seen  to  be  very  com- 
plex. In  fact,  individual  cases  also  dilfer  greatly.  We  may  try 
to  divide  them  into  three  classes,  according  as  the  symptoms 
point  to  the  upper,  the  middle,  or  the  lower  parts  of  the  cord 
as  the  chief  seat  of  suffering. 

If  the  upper  portions  are  principally  affected,  the  pain  of  the 
back  and  spinal  tenderness  are  chiefly  localized  in  the  cervical 
vertebrae.  The  prominent  symptoms  are  those  referred  to  the 
head,  giddiness,  sleeplessness,  disturbances  of  the  senses,  pains 
in  the  occiput,  and  pains  in  the  district  of  the  brachial  plexus  ; 
nausea,  vomiting,  palpitations,  hiccup,  etc.,  are  not  rare ;  motil- 
ity in  the  upper  extremities  is  usually  impaired. 

If  the  dorsal  portion  is  affected,  the  chief  symptoms  in  addi- 
tion to  those  in  the  spine  are  intercostal  neuralgia,  gastralgia, 
nausea,  dyspepsia,  etc. ;  the  lower  extremities  usually  take  a 
large  part  in  the  disturbances  of  motility  and  sensibility. 

If  the  lumbar  portion  is  chiefly  affected,  the  leading  symp- 
toms are  neuralgia  in  the  lower  extremities  and  the  pelvic  organs, 
spasm  and  weakness  of  the  bladder,  cold  feet,  weakness  of  the 
legs,  etc. 

A  certain  generalization  of  the  disease  is  not  uncommon, 
when  the  spine  is  painful  in  several  places,  often  quite  gene- 
rally, and  the  disease  is  complicated  by  all  kinds  of  peripheral 
symptoms. 

Course,  duration,  termination. — We  have  already  described 
the  way  in  which  the  disease  begins.  Its  course  is  usually  very 
fluctuating.  Improvement  and  relapses  alternate  in  the  most 
irregular  way  ;  the  chief  symptoms  and  the  spinal  tenderness  are 
sometimes  felt  in  one  place,  sometimes  in  another  ;  a  relapse 
often  occurs  without  any  visible  cause,  and  so  does  improve- 
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ment ;  it  is  here  that  we  must  be  most  on  our  guard  against  illu- 
sive successes. 

Many  cases  run  a  comparatively  acute  course,  grow  rapidly 
worse,  and  as  rapidly  improve  and  recover. 

In  most  cases,  however,  the  disease  is  extremely  slow  and 
chronic,  and  its  duration  is  stated  in  months  and  years ;  there 
are  some  patients  who  suffer  more  or  less  from  occasional  attacks 
all  their  life,  and  who  are  exposed  to  a  relapse  on  the  slightest 
occasion. 

Nevertheless,  a  cure  may  be  regarded  as  the  rule ;  if  proper 
measures  are  taken  and  the  causes  avoided,  this  may  be  ex- 
pected in  the  majority  of  cases.  Much  patience  will  doubtless 
be  required,  and  the  many  relapses  may  often  greatly  prolong 
recovery. 

Whether  spinal  irritation  may  in  bad  cases  result  in  the  de- 
velopment of  severe  spinal  diseases,  does  not  seem  to  us  suffi- 
ciently ascertained.  The  observations  are  almost  all  of  an  elder 
date,  and  give  no  sufficient  guaranty  against  the  confusion  of 
the  first  stages  of  severe  spinal  lesion  with  functional  irritation 
of  the  cord.  This  question,  therefore,  can  only  be  decided  by 
further  careful  observations.  The  entire  doctrine  of  spinal  irrita- 
tion requires  a  renewed  revision  by  means  of  careful  and  criti- 
cally sifted  clinical  observations. 

Until  this  is  done,  we  shall  not  be  in  a  position  to  entertain  a 
better  founded  opinion  upon  the  nature  of  spinal  irritation 
than  we  now  possess.  We  can  scarcely  doubt,  it  is  true,  that 
the  structures  within  the  spinal  canal  are  the  proper  seat  of  the 
disease,  and  the  entire  list  of  symptoms  makes  it  most  probable 
that  the  cord  itself  is  in  a  condition  in  which  it  performs  its 
functions  badly.  The  assumption  that  the  meninges  are  the  first 
to  be  affected,  and  the  nerve-roots  and  the  cord  suffer  second- 
arily, has  little  support. 

But  we  possess  no  direct  observations  to  show  what  sort  of 
changes  occur  in  the  cord.  The  pathological  anatomy  of  spinal 
irritation  does  not  exist ;  the  few  autopsies  which  we  possess  are 
not  always  uniform,  and  some  of  them  certainly  do  not  relafe  to 
cases  of  this  disease.  We  are  therefore  thrown  back  upon 
guesses  and  hypotheses  regarding  the  real  nature  of  the  change 
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in  the  cord  in  spinal  irritation.  Such  hypotheses  are  numerous, 
but  we  have  not  the  time  to  spare  for  them.  Tlie  contradictory 
views  that  are  entertained  by  authors  are  well  illustrated  by  tlie 
fact  that  Ollivier  and  (in  part)  Stilling  also  refer  spinal  irritation 
to  hyperaemia  of  the  cord,  while  Hammond  affirms  with  the  full- 
est conviction  that  it  is  due  to  ana3mia  of  the  cord,  and  especially 
anfBmia  of  the  posterior  columns,  and  that  the  ultimate  cause 
for  it  may  possibly  exist  in  the  sympathetic  (vaso-motor)  sys- 
tem ;  Beard  and  Rockwell  assume  at  one  time  ansemia,  at  an- 
other hyperaemia  as  a  cause,  while  Hirsch  and  many  other  wri- 
ters see  in  spinal  irritation  nothing  but  a  so-called  dynamic 
disease,  a  functional  disorder  of  the  cord,  without  organic  change 
in  it — an  irritation  which  may  be  due  to  very  various  causes. 

All  these  opinions  may  be  defended  and  attacked  with  power- 
ful reasons,  but  we  need  not  try  to  sit  in  judgment  on  them,  as 
the  conclusion  could  only  be  that  we  know  nothing  definitely  at 
present.  The  most  probable  seems  to  us  to  be  a  purely  func- 
tional disturbance  of  certain  nervous  elements  of  the  cord,  in 
company  with  which  hypersemia  and  anaemia  of  the  cord  may 
probably  appear  when  the  vaso-motor  paths  are  reached  by  the 
disturbance ;  but  this  whole  question,  it  seems  to  us,  awaits  a 
solution. 

Diagnosis, 

It  will  not  be  very  hard  to  recognize  spinal  irritation  when 
the  entire  group  of  symptoms  as  above  given  is  present;  when 
the  pain  in  the  back  and  the  sensitiveness  of  the  spine  are 
accompanied  by  many  changeable  excentric  symptoms,  motor 
weakness,  great  psychical  irritability,  or  marked  paralysis  or 
anaesthesia ;  when  no  organic  changes  exist,  and  a  remarkable 
disproportion  between  the  intensity  of  the  subjective  symptoms 
and  the  objective  can  be  demonstrated  ;  and  where,  finally,  great 
fluctuations  in  the  course  of  the  disease  are  observed. 

We  ought  not  to  try  to  settle  the  diagnosis  too  soon,  nor 
should  we  acquiesce  in  it  until,  after  careful  examination  and 
estimation  of  all  circumstances,  the  other  possibilities  have  been 
excluded.    In,  doing  this  we  should  bear  in  mind  the  following : 
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The  diagnosis  from  hypercemia  of  the  cord  is  so  difficult,  that 
cases  were  formerly  often  mistaken  one  for  the  other.  The  long 
duration  of  the  disease  will  furnish  the  most  important  argu- 
ment in  favor  of  spinal  irritation  ;  in  severe  hypersemia,  paralysis 
is  rarely  absent.  Hammond  recommends  as  a  test  remedy  a  sub- 
cutaneous injection  of  strychnia,  which  is  believed  to  do  good  in 
spinal  irritation,  and  harm  in  hypersemia. 

The  distinction  from  meningilis  spinalis  will  also  often  be 
difficult.  But  in  the  latter  the  stiffness  and  painful  tension  of 
the  muscles  of  the  back,  the  pain  in  the  spine,  which  especially 
occ^^rs  during  movement,  the  fever,  late  paralyses,  etc.,  may  fur- 
nish very  useful  diagnostic  points. 

Meningeal  tumors  in  their  first  stage,  among  the  primary 
symptoms  of  which  are  found  pain  in  the  back  and  excentric 
neuralgia,  will  best  be  known  by  the  stability  of  the  symptoms, 
by  their  permanent  localization  in  well-marked  nerve-paths,  and, 
at  a  later  stage,  by  the  paralytic  sj^mptoms. 

The  diagnosis  from  myelitis  will  usually  be  made  soon.  In 
this  disease  only  deep  pressure  on  the  spinous  processes  is  pain- 
ful ;  there  is  no  circumscribed  cutaneous  hypersesthesia  in  the 
vertebral  region,  but  there  is  the  girdld  sensation,  ver}^  early  and 
marked  anaesthesia  and  palsy,  vesical  paralysis,  often  painful 
contractures  and  spasms,  which  are  absent  in  spinal  irritation. 
The  unfavorable  termination  of  the  disease,  the  absence  of  the 
general  nervous  condition  so  common  in  spinal  irritation,  are 
likewise  in  favor  of  myelitis. 

The  distinction  from  hysteria  will  be  impossible  in  many  cases, 
as  both  diseases  possess  many  similar  features,  and  spinal  irrita- 
tion not  rarely  occurs  in  connection  with  hysteria.  The  specific 
hysterical  symptoms  of  globus,  general  spasms,  definite  forms  of 
paralysis,  etc.,  do  not  belong  to  spinal  irritation  ;  and  the  pecu- 
liar mental  traits  so  characteristic  of  hysteria — whimsical  obsti- 
nacy, irritability,  etc. — are  also  absent.  A  full  consideration  of 
the  circumstances  in  each  case  will  often  furnish  some  decisive 
diagnostic  points,  while  in  other  instances  we  shall  have  to  admit 
the  existence  of  both  diseases  together. 

From  neurasthenia  spinalis^  which  is  described  in  the  follow- 
ing section,  and  which  has  an  undeniable  general  resemblance  to 
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spinal  irritation,  the  present  disease  differs  by  the  fact  that  symp- 
toms of  sensory  irritation  preponderate,  that  extreme  sensibility 
of  the  vertebrae  is  present,  and  that  the  disease  occurs  chiefly  in 
the  female  sex.    (See  the  diagnosis  of  spinal  nervous  weakness.) 

The  marks  which  distinguish  spinal  irritation  from  vertebral 
caries  and  other  coarse  lesions  of  the  spine  need  not  be  stated 
here. 

Prognosis. 

This  is  generally  held  to  be  favorable,  although  such  is  not 
always  the  case.  In  all  circumstances  we  should  remember  that 
the  disease  is  usually  chronic,  may  last  many  months  and  years, 
and  relapses  are  very  frequent. 

Life  is  in  no  danger;  but  most  of  the  patients  are  doomed  to 
a  long  and  tedious  illness,  they  are  cut  short  in  all  their  enjoy- 
ments, are  plagued  with  tormenting  pains,  and  so  forth— circum- 
stances which  certainly  deserve  mention  in  making  a  prognosis. 

Treatment.  siHiURClCfsL 

This  is  a  difficult  subject.  The  disturbance  of  nutrition  in  the 
cord  is  not  so  easily  to  be  removed  ;  and  the  patient  is  usually 
irritable,  changeable,  weak  of  purpose,  so  that  it  is  often  very 
hard  to  secure  the  necessary  persistence  and  energy  in  treatment. 

First  of  all,  we  must  try  to  remove  tlie  causes.  By  reference 
to  the  list  already  given,  it  will  appear  what  is  implied  by  this. 

In  the  direct  treatment,  the  chief  object  doubtless  consists  in 
improvement  of  the  nutrition  and  tone  of  the  nervous  system, 
especially  the  spinal  cord.  The  first  thing  to  prescribe  is,  there- 
fore, in  most  cases,  a  general  tonic  regimen :  good  food  in 
abundance,  a  not  too  sparing  use  of  spirituous  drinks  (the  Eng- 
lish recommend  them  in  large  doses,  and  Hammond  orders  stimu- 
lants such  as  brandy  and  rum).  As  tonics,  quinia  and  iron, 
preparations  of  zinc,  and  cod-liver  oil  may  be  used.  A  great  deal 
oi  fresh  air  is  indispensable  to  all  the  patients ;  active  and  pas- 
sive exercise  in  the  open  air  is  therefore  always  indicated,  but 
this  should  not  be  overdone,  as  frequent  repose  in  the  horizontal 
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posture  is  often  necessary.  When  it  can  be  had,  the  air  of 
mountains  and  forests  is  to  be  sought ;  a  moderate  cold-water 
treatment  supports  these  tonic  measures,  and  will  be  especially 
valuable  when  applied  in  a  high  mountain  climate. 

Stryclmia  (with  other  preparations  of  nux  vomica)  enjoys  a 
special  reputation  with  many  physicians  for  the  cure  of  this 
affection.  It  is  given  alone,  or  in  suitable  combination  with  other 
medicines.  Thus,  Hammond  advises  a  combination  of  extract  of 
nux  vomica,  half  a  grain  (0.03),  with  phosphide  of  zinc,  one- 
twelfth  of  a  grain  (0.005),  given  several  times  a  day.  A  mixture 
of  iron,  quinia,  and  nux  vomica  in  various  forms  seems  often 
useful. 

Another  important  remedy  is  the  galnanic  current.  Ham- 
mond ascribes  great  successes  to  it,  and  I  have  also  observed  some 
good  results.  The  best  plan  seems  to  consist  in  passing  an  as- 
cending stabile  current  through  the  vertebral  column,  including 
the  painful  portions  between  the  two  poles.  The  current  ought 
not  to  be  very  strong,  and  the  duration  of  the  applications  must 
be  short.  The  negative  pole,  acting  directly  on  the  painful  ver- 
tebrae, has  often  been  found  to  be  of  value.  Many  patients  of 
this  class  will  be  benefited  by  the  methods  of  general  faradization 
and  central  galvanization.    (See  above,  p.  181  et  seq.) 

Finally,  derivatives  have  long  enjoyed  a  general  reputation. 
The  best  place  for  application  seems  to  be  directly  upon  the 
affected  spots,  the  most  painful  parts  of  the  spine.  Many 
wonderful  reports  are  made  of  the  successful  application  of  blis- 
ters, tartar-emetic  ointment,  oil  of  turpentine,  veratrin  ointment, 
etc.  A  repeated  and  continued  use  of  these  remedies  is,  how- 
ever, often  necessary.  In  less  severe  cases,  dry  cups  suffice,  and 
moxse  or  the  hot  iron  will  be  resorted  to  very  rarely. 

We  should  be  careful  about  drawing  blood  from  the  spine, 
which  was  formerly  so  much  in  vogue.  With  most  patients  this 
does  not  agree  ;  though  in  some  cases,  when  the  person  is  very 
robust  and  of  full  habit,  or  when  there  are  signs  of  congestion,  it 
may  be  very  suitable. 

A  symptomatic  treatment  is  required  for  the  pains  in  the 
back  and  other  neuralgiform  symptoms.  Hammond  recom- 
mends opiates  especially ;  the  application  of  hot  water  or  sand 
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along  the  spine  may  also  be  tried  ;  also  bromide  of  potassium, 
bllstei-s,  and  other  derivatives,  faradization,  galvanization  etc. 
For  weakness,  electricity  is  of  special  value. 

8.  Functional  WeaJcness  of  the  Spinal  Cord.— Spinal  Nerwus 
Weakness.  — Neurasthenia  Spinalis. 

Beard  and  Rockwell,  Practical  Treatise  on  the  Uses  of  Electricity,  etc.  1871. 
p.  294. — Riissel,  Cases  of  Paraplegia  induced  by  Exhaustion  of  the  Spinal  Cord. 
Medical  Times.  Oct.  31,  1863;  May  25,  18Q7.— A.  Bourbon,  De  I'influence  du 
col't  et  de  I'onanisme  dans  la  station  sur  la  production  de  paraplCgies.  Paris, 
1859. — Leyden,  1.  c.  II.  p.  22. — Erl,  Bericht  iiber  die  Versammlung  mittel- 
rhein.  Aerzte  am  18.  Mai,  1875,  in  Heidelberg.  Betz'  Memorabil.  1875.  5. 
Heft. 

Introduction  and  Definition. — Every  physician  encounters 
cases  in  the  course  of  his  daily  practice,  chiefly  if  not  wholly 
originating  in  the  higher  walks  of  life,  which  may  affect  either 
one  of  the  various  departments  of  the  nervous  system.  As  a 
rule,  there  is  no  anatomical  basis  for  them ;  and  certainly,  any 
severe  anatomical  changes  seem  to  be  excluded  by  the  entire 
nature  and  course  of  the  symptoms  observed.  Such  are  the  cases 
which  have  been  classed  together  under  the  name  of  "nervous- 
ness," "  nervosismus,"  nervous  weakness,"  etc.,  and  are  com- 
monly regarded  with  some  mistrust  by  physicians.  Beard  and 
Rockwell  have  given  a  very  good  description  of  them,  and  have 
proposed  the  name  neurasthenia  (weakness  of  the  nerves). 

It  is  desirable  to  examine  these  cases  more  closely,  and  form 
them  into  classes.  Careful  observation  quickly  shows  that  this 
nervous  weakness  is  capable  of  assuming  various  forms,  and 
affecting  different  parts  of  the  nervous  system.  In  some  cases 
the  entire  nervous  system  is  more  or  less  affected  ;  in  others  the 
brain  is  chiefly  affected,  and  in  others  still,  the  functions  of  the 
cord.  It  is  this  latter,  the  spinal  form  of  neurasthenia,  that  we 
wish  to  speak  of. 

Abundant  experience  has  shown  me  that  these  cases  are  not 

rare,  and  are  of  great  practical  consequence.     For  they  cause 

much  anxiety,  not  only  to  the  patient,  but  also  to  the  physician, 

owing  to  the  striking  resemblance  they  possess  to  the  first  stao-e 
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of  severe  disease  of  the  cord.  It  is  of  course  important  to  decide 
this  question  as  early  as  possible,  as  the  prognosis  of  the  two  dis- 
eases must  be  very  unlike. 

We  therefore  understand  by  spinal  nervous  weaJcness  those 
diseased  conditions  in  which  marked  and  unquestionable  dis- 
turbances of  the  functions  of  the  cord  exists  for  which  no  consid- 
erable anatomical  basis  can  be  found  or  assumed ;  a  disease, 
therefore,  which  must  at  present  be  classed  among  the  functional 
disorders. 

Whether,  and  how  often,  this  condition  may  lead  to  actual 
organic  disease  of  the  cord,  cannot  be  known  at  present ;  from  my 
experience  I  infer  it  to  be  rarely  the  case.  The  symptoms,  how- 
ever, are  not  infrequently  present  during  the  early  period  of  ana- 
tomical lesions  of  the  cord,  though  probably  always  associated 
with  other  disturbances,  which  enable  us  to  recognize  the  com- 
mencement of  the  real  disease. 

It  cannot  be  denied  that  this  complaint  has  a  close  resem- 
blance in  many  respects  to  spinal  irritation,  the  subject  of  the 
previous  section  ;  and  the  opinion  might  perhaps  be  defended, 
that  this  disease  is  essentially,  for  the  male  sex,  that  which  corre- 
sponds with  spinal  irritation  in  females.  Nevertheless,  charac- 
teristic differences  will  be  seen  as  the  description  is  given ;  I 
believe  that  the  two  diseases,  though  related,  cannot  be  regarded 
as  identical.  It  would  be  very  desirable  to  lay  out  a  better  divi- 
sion and  classification  of  these  spinal  "neuroses"  by  means  of 
accurate  clinical  and  symptomatic  study,  in  order  to  promote 
the  pathology  of  such  an  obscure  subject. 

What  follows  professes  only  to  be  a  first  step  in  this  direc- 
tion. Few  accounts  of  the  disease  are  recorded  in  print;  I  find 
an  exquisite  case  briefly  described  in  0.  Berger ; '  Scholz "  de- 
scribes one  under  another  name  ;  that  which  Leyden  describes  as 
"  spinal  irritation  from  loss  of  semen"  belongs  for  the  most  part 
to  this  class ;  so  does  much  of  what  has  been  described  as  the 
results  of  spermatorrhoea,  etc.,  in  regard  to  which  see  Cursch- 
mann's  excellent  account  in  Vol.  VIII.  of  this  Cyclopaedia. 


'  Zur  Pathogeaese  der  Hemikranie.  Virch.  Arch.  Bd.  59.  p.  335.  1874. 
'  Uober  Riickenmarksliihmungen  und  deren  Behandlung  in  Cudowa.  p.  21. 
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Etiology. 

A  predisposition  to  this  affection  is  most  common  in  the  male 
sex ;  and  males  are  attacked  in  much  larger  numbers.  Youth 
and  middle  age  are  also  most  exposed  to  the  disease. 

The  chief  contingent  to  this  army  of  sufferers  comes  from 
neuropathic  families,  in  which  psychoses,  hysteria,  and  other 
neuroses  are  well-known  guests.  The  upper  classes  are  also 
more  affected  than  the  lower,  though  the  latter  are  by  no  means 
spared. 

Finally,  all  the  direct  causes  of  the  disease  (to  be  named 
presently)  may  increase  the  predisposition,  or  perhaps  cause  it. 

Among  these  direct  causes,  I  am  able  from  experience  to 
name  three  as  particularly  active. 

Excessive  mental  efforts  may  often  produce  the  spinal  form 
of  neurasthenia — such  as  are  made  in  the  pursuit  of  a  profession, 
or  in  severe  mental  toil,  especially  by  night ;  a  similar  effect  is 
produced  by  grief  and  excitement,  violent  excitement  of  the  affec- 
tions and  passions,  gaming,  etc.,  in  predisposed  persons. 

A  much  more  frequent  and  important  cause  is  found  in  sexual 
excesses;  onanism  begun  very  young  and  long  continued;  ex- 
cessive coitus.  I  have  often  seen  the  entire  series  of  symptoms 
develop  in  otherwise  healthy  men  after  very  great  sexual  ex- 
cesses, and  again  disappear  in  a  few  weeks  under  suitable  ob- 
servances. The  standard  of  sexual  "excess"  is  of  course  very 
varying  ;  but,  for  the  individuals  in  question,  excess  usually 
begins  with  comparatively  moderate  performances.  Excesses  of 
a  less  degree,  but  protracted,  are  often  also  at  fault,  and  the 
affection  not  rarely  appears  after  the  honeymoon.  In  predis- 
posed individuals,  frequently  repeated  sexual  excitement  without 
gratification  acts  similarly ;  and  the  practice  of  having  connection 
in  the  standing  posture,  mentioned  by  French  authors,  seems 
not  less  injurious. 

Excessive  bodily  effort  seems  to  be  a  less  potent  cause  ;  yet 
long  forced  marches,  mountain  climbing,  etc.,  are  often  men- 
tioned as  causes. 

The  injury  is  most  distinct  when  several  of  the  above  causes 
coexist— e.  g.,  great  mental  and  bodily  overwork,  with  disturb- 
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ance  of  the  nightly  rest  (hence,  the  disease  is  not  infrequent 
among  physicians)  ;  or  when,  amid  great  mental  exertions, 
sexual  excesses  are  indulged  in,  etc. 

It  is  not  yet  certain  whether  there  are  other  causes  ;  but  it  is 
probable  that  severe  exliausting  diseases,  bad  food,  and  other 
circumstances  which  depress  the  powers  of  the  nervous  system, 
may  be  active  in  this  direction. 


The  description  of  these  is  based  almost  exclusively  upon  the 
patients'  subjective  complaints.  The  persons  affected  are  usually 
young  or  middle-aged  men ;  they  complain  chiefly  of  a  set  of 
motor  disturhances,  principally  consisting  of  a  striking  weak- 
ness and  rapid  fatigue  of  the  lower  extremities.  They  have 
constantly  the  sensation  of  great  exhaustion  of  the  legs,  such  as 
well  persons  onl}'-  feel  after  making  considerable  exertions  of 
body ;  this  is  perceived  even  in  bed  in  the  morning.  They  are 
incapable  of  walking  or  standing  for  a  long  time;  a  continuance 
in  the  standing  posture  is  especially  apt  to  make  them  tired. 
After  more  severe  exertions,  the  great  fatigue  is  accompanied  by 
occasional  tremor  of  the  legs,  and  such  a  remarkable  stiffness  of 
the  members  as  a  well  man  would  only  feel  after  a  very  severe 
march.  Unaccustomed  efforts,  even  of  a  very  moderate  degree, 
are  remarkably  apt  to  produce  that  peculiar  muscular  pain,  the 
origin  of  which  is  so  obscure. 

I  refer  to  that  well-known  pain  in  the  muscles  which  frequently  occurs  in 
well  men  after  very  active  and  unaccustomed  muscular  efforts,  as  wheu  one  rides, 
practises  gymnastics,  takes  mountain  walks,  etc.,  after  a  long  period  of  interaiis- 
sion.  It  usually  appears  about  twenty-four  hours  after  the  exertion,  is  associated 
with  slight  swelling  of  the  muscle  and  sensitiveness  to  pressure,  and  is  produced  by 
every  contraction  of  the  muscle  affected.  The  essential  nature  of  the  jsain  is  not 
yet  known.  Sucli  a  pain  occurs  in  patients  of  the  present  class,  after  comparatively 
very  slight  exertions. 

Similar  symptoms  of  quick  exhaustion  and  want  of  endur- 
ance are  observed  in  the  arms,  but  much  less  in  degree  than  in 
the  legs. 

With  this  is  associated  a  variety  of  disturbances  of  the  sen- 
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sory  organs.  One  of  the  most  common  is  a  peculiar  in  the 
hack,  seemingly  localized  in  the  muscles  of  that  part,  and  appear- 
ing whenever  certain  movements  are  made,  as  of  bending  the 
spinal  column  forward  or  backward,  or  certain  movements  of 
the  shoulder  ;  and  often  in  breathing  or  swallowing.  The  pain 
is  not  very  intense,  and  varies  greatly  in  its  occurrence  and  posi- 
tion, rarely  remaining  for  any  length  of  time  in  one  place.  It  is 
increased  or  brought  on  by  slight  exposure  to  cold,  a  draft  of 
air,  and  probably  also  by  excesses  in  Baccho  aut  Venere. 

A  diffused  sensation  of  burning  in  the  skin  of  the  back  is 
often  observed,  especially  between  the  shoulder-blades  ;  this  is. 
usually  accompanied  by  sensitiveness  of  some  of  the  spinous 
processes,  just  as  in  spinal  irritation.  In  other  cases,  pain  in  the 
loins  is  observed. 

In  the  extremities,  especially  the  lower,  this  excessive  feeling 
of  fatigue  often  increases  to  that  of  slight  shooting  and  tearing 
pain  in  the  districts  of  certain  nerves.  These  pains  are  usually 
not  very  severe,  and  pass  away  rapidly  ;  they  chiefly  occur  dur- 
ing movement  and  after  unusual  exertion.  Some  of  the  muscles, 
also,  are  not  infrequently  stiff  and  painful.  In  such  cases  there 
are  seldom  or  never  any  defined  and  violent  pains  of  the  well- 
known  lancinating  sort  (see  above,  p.  75-6), 

Marked  par(Bsthesia  is  also  very  rarely  spoken  of ;  many 
complain  of  a  slight  numbness  or  formication,  especially  in  con- 
nection with  great  cold  of  the  feet.  A  medical  man,  or  one  who 
knows  and  dreads  the  symptoms,  is  apt  to  speak  of  this. 

Cold  hands  and  feet  are  very  commonly  complained  of  ;  they 
are  probably  due,  for  the  most  part,  to  vaso-motor  disturbances. 
The  feet,  in  particular,  are  often  icy  cold,  and  can  hardly  be 
warmed,  even  in  bed.  The  feeling  of  burning  in  the  feet  is  rare, 
and  if  it  occurs,  is  associated  with  an  actual  rise  of  local  tem- 
perature. 

The  disturbances  of  the  sexual  functions  are  usually  very 
striking ;  they  commonly  take  the  form  of  irritable  weakness ; 
the  power  of  erection  and  of  performing  the  act  are  lessened  ;  the 
ejaculation  takes  place  too  quickly,  and  a  repetition  is  impossi- 
ble. The  act  is  usually  followed  by  remarkable  prostration, 
restlfissness  of  the  limbs,  and  the  like  ;  or  the  man  falls  into  a 
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half-slumber  and  a  profuse  perspiration,  etc.  All  the  symptoms 
usually  increase  after  the  passion  has  been  gratified,  unless  the 
greatest. moderation  has  been  used,  or  even  after  repeated  sexual 
excitement.  Pollutions  or  spermatorrhoea  do  not  constitute  a 
regular  feature  of  the  disease,  unless  they  previously  existed, 
and  are  to  be  considered  as  causes  of  the  disease.  Their  occur- 
rence, however,  often  aggravates  the  trouble,  and  they  are  much 
dreaded  by  the  patient. 

The  functions  of  the  Madder  are  usually  quite  normal ;  in 
some  cases  a  little  dribbling  is  spoken  of.  The  sphincter  ani  acts 
.properly.  Trophic  disturbances  of  the  lower  extremities,  and 
bed-sores  and  the  like,  never  occur. 

With  these  regular  and  common  symptoms  we  often  find  a 
number  of  others  which  indicate  a  wide  extension  of  the  nervous 
weakness.  Among  these  we  should  mention  sleeplessness,  not 
usually  very  troublesome,  but  often  peculiar  in  form.  The  patient 
wakes,  after  a  few  hours'  sleep,  with  a  sense  of  great  uneasiness 
in  his  limbs,  and  cannot  fall  asleep  for  some  hours  after  ;  in  the 
morning  he  feels  unusually  prostrated.  In  some  cases  there  is  a 
certain  sense  of  constriction  of  the  head,  timidity,  often  a  re- 
markably womanish  disposition,  a  tendency  to  weep,  etc.  I  have 
seldom  heard  complaints  of  vertigo.  The  higher  functions  of 
the  brain,  memory,  intelligence,  etc.,  and  the  organs  of  special 
sense,  remain  perfectly  normal.  The  power  of  mental  work  may 
be  unimpaired,  but  is  usually  weakened  by  the  patient's  hypo- 
chondriacal depression. 

The  vegetative  functions  are  unimpaired,  on  the  whole  ;  the 
disturbances  most  frequently  observed  are  those  of  the  digestive 
apparatus — dyspepsia,  tendency  to  constipation,  flatulence,  etc. 
There  is  frequent  complaint  of  palpitations,  and  a  sense  of  con- 
striction. 

The  general  sense  of  illness  is  xevj  great.  Most  patients 
are  hypochondriacal  in  their  feelings,  are  in  dread  of  tabes, 
etc.;  if  a  physician  is  the  sufferer,  he  is  apt  to  let  his  mind 
dwell  on  this  anticipation,  and  to  be  made  wretched  by  tlie 
thought. 

The  general  nutrition  is  usually  somewhat  impaired  ;  the  pa- 
tient loses  some  flesh,  gets  a  sallow  look,  and  becomes  a  littlo 
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anjEinic.  There  is  always  great  sensitiveness  to  cold  and  severe 
cliant^es  of  weather. 

As  compared  with  all  these  complaints,  the  ohjecHve  symp- 
toms— and  this  is  a  decisive  point — are  excessively  slight,  in  fact, 
almost  wholly  negative.  The  closest  examination  sliows  no  trace 
of  disturbance  of  motility;  all  movements  ai-e  performed  easily 
and  securely;  the  finest  and  most  complicated  actions  can  be 
executed ;  the  patient  stands  on  one  foot,  or  with  closed  eyes, 
quite  perfectly  ;  only  the  power  of  endurance  in  muscular  action 
is  weakened. 

In  like  manner  there  exists  not  the  least  disturbance  of  sensi- 
bility. There  is  usually  no  sensitiveness  of  the  spinous  processes. 
The  reflex  functions  of  the  skin  and  tendons  are  usually  normal. 
There  is  no  atrophy,  no  change  of  electrical  reaction.  The  only 
distinct  symptom  that  can  be  found  is,  in  many  cases,  a  moder- 
ate degree  of  anaemia,  a  changed,  suffering  expression. 

The  closest  objective  study,  therefore,  discovers  no  change 
whatever  that  can  stand  in  any  relation  to  the  patient's  subjec- 
tive complaints. 

Of  course,  not  all  cases  are  alike,  for  many  variations  in  the 
character  of  the  disease  occur ;  various  symptoms  may  be  absent, 
or  may  be  more  distinct  in  one  case  than  in  another  ;  but  the  lead- 
ing features  of  the  disease  will  probably  be  traced  in  most  cases. 

I  select  from  my  list  of  recorded  cases  (of  which  I  possess  more  than  two  dozen) 
the  following  one  as  an  example :  The  patient,  a  wholesale  merchant,  aged  thirty- 
five,  belongs  to  a  neuropathic  family;  two  sisters  were  in  the  insane  asylum;  a 
brother  has  a  tendency  to  melancholy  and  nervous  complaints ;  he  himself  has 
been  a  long  time  "nervous."  Married  at  twenty-three  ;  he  has  three  children  ;  he 
says  tliat  he  indulged  a  good  deal  in  the  sexual  act,  perhaps  too  much,  but  never 
observed  any  ill  results  from  it.  He  has  often  been  to  bathe  in  the  ocean,  with 
temporary  benefit.  He  has  a  great  deal  of  work  ;  at  least  eight  hours  a  day  in  his 
office,  occasionally  going  into  a  close,  damp  warehouse.  All  the  nervous  symptoms 
have  slowly  increased  ;  they  have  been  about  as  follows  for  four  weeks  past: 

Great  general  sense  of  fatigue— t\\\a  is  very  marked  in  the  morning  in  bed;  ina- 
bility to  walk  for  a  long  time,  or,  if  he  does  it,  it  is  followed  by  great  fatigue  and 
active  tremor  of  the  legs.  When  moderate  exertion  of  an  unwonted  sort  is  made, 
there  are  severe  muscular  pains  on  the  following  day  (as  lately,  after  skating  for  fif- 
teen minutes).  No  tottering  or  uncertainty  of  gait ;  no  vertigo.  Some  sense  of 
fatigxte  in  the  arms,  uncertainty  in  writing. 
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No  pains,  no  numbness  or  formication  in  legs  or  arms.  No  headache ;  only  a 
frequent  sense  of  pressure  on  the  vertex.  Intelligence  and  memory  good ;  depressed, 
hypochondriacal  state  of  feeling.  Occasional  disagreeable  feeling  in  the  hack,  but  no 
real  pain.  Suffers  much  from  cold  feet,  which  formerly  was  never  the  case.  Great 
sensitiveness  to  cold;  after  exposure  he  feels  slight  shooting  pains  in  the  limbs. 
Sleeps  badly;  usually  wakes  about  three  o'clock  and  remains  awake  for  two  or 
three  hours,  with  great  prostration  and  restlessness  of  limbs. 

Vesical  functioiis  quite  normal.  Sexual  functions  distinctly  altered  in  the  last  few 
weeks ;  sexual  excitability  increased,  ejaculation  too  early,  erection  insufficient ; 
after  coitus  a  sense  of  exhaustion,  with  excitement  and  restless  half-sleep. 

Tendency  to  shed  tears;  unusual  timidity  and  want  of  self-possession;  noticeable 
confusion  when  he  is  conscious  of  being  observed.  Frequent  pal2)itation,  and  some 
shortness  of  breath  when  he  ascends  stairs.    Ajjpetite  and  stools  good. 

Objective  symptoms. — An  apparently  strong  and  well- nourished  man ;  internal 
organs  all  sound.  Motility  quite  normal  by  objective  tests.  Stands  with  closed 
eyes  very  well.  No  disturbance  of  sensibility.  Cerebral  nerves  all  normal.  Slight 
anaemia. 

He  was  ordered  quinine  andiron;  cold  friction  in  the  morning;  movement  in 
the  open  air;  strong  diet;  moderation  in  business  and  sexual  act;  afterwards  a 
period  of  residence  in  a  high  mountain  region. 

Half  a  year  later  the  patient  returned  from  Switzerland  and  called  upon  me ; 
he  was  considerably  improved.  The  strength  and  endurance  of  the  legs  are  decid- 
edly greater,  and  his  temper  is  much  more  cheerful.  He  walks  his  four  or  five 
hours  every  day  and  seldom  suffers  from  tremor,  still  less  from  pain  of  the  muscles. 
He  has  no  cold  feet,  and  his  sensitiveness  to  cold  is  less.  He  sleeps  much  better, 
though  not  perfectly  well.  Sexual  functions  the  least  improved  of  all.  Head  never 
troubles  him.    Temper  much  improved  ;  he  has  no  disposition  to  weep. 

After  another  half-year  the  greater  part  of  the  morbid  symptoms  had  dis- 
appeared. 

Course,  duration,  termination. — Tlie  disease  usually  begins  in 
a  very  gradual  and  insidious  way,  yet  sometimes  it  happens 
that  it  develops  quite  rapidly;  some  injury,  a  severe  exertion, 
an  excess,  may  bring  the  disease  to  an  outbreak,  when  in  the 
course  of  a  few  days  or  weeks  it  may  reach  a  certain  severity. 
In  such  acute  cases  there  is  during  the  first  few  days  a  marked 
and  general  sense  of  being  ill,  prostration,  loss  of  appetite,  etc. 

The  symptoms  usually  increase  gradually  for  weeks  and 
months,  and  then  remain  more  or  less  stationary.  Great  fluc- 
tuations, considerable  transitory  improvements,  are  rare ;  but 
slight  fluctuations  in  the  intensity  of  the  sjmiptoms  are  common. 

If  a  proper  treatment  and  regimen  are  then  adopted,  gradual 
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improvement  occurs ;  but  montlis  and  years  may  pass  before  the 
last  traces  are  removed.  Intercurrent  febrile  aft'ections  often 
seem  to  liave  a  favorable  influence  upon  tlie  disease  and  to  hasten 
recovery.  Traces  of  the  disease  may  last  many  years.  Kelapses 
are  not  uncommon,  and  are  often  occasioned  by  fresh  injurious 
exposures  of  a  trifling  nature. 

I  am  unable  to  state  whether  there  are  incurable  cases,  and 
whether  the  disease  may  last  a  great  many  years.  At  all  events, 
cases  occur  of  sufficient  severity  to  compel  the  patient  to  give  up 
business  and  avoid  society,  and  to  make  his  existence  wretched. 

I  am  also  in  doubt  whether  the  disease  can  pass  into  any 
tangible  chronic  form  of  spinal  disease  (myelitis,  sclerosis,  gray 
degeneration).  I  have  not  observed  such  an  event,  and  have 
never  had  to  modify  my  diagnosis  in  the  direction  indicated. 
But  only  continued  experience  can  decide. 

Of  the  essential  nature  of  the  disease,  I  think  we  are  not  yet 
prepared  to  express  an  opinion.  We  are  far  too  little  acquainted 
with  the  pathology  of  many  morbid  processes  of  the  cord,  to 
allow  ourselves  to  express  a  distinct  opinion  regarding  the  foun- 
dation of  the  disease  here  described. 

A  few  remarks  may,  however,  be  allowed. 

A  spinal  difficulty  may  naturally  and  reasonably  be  thought 
of,  in  connection  with  the  symptoms  described  ;  the  simultaneous 
occurrence  of  sensory  and  motor  difficulties  in  both  legs,  the 
vaso-motor  disturbances,  the  pains  in  the  back,  and  especially 
the  disturbances  of  the  sexual  function,  which  are  most  easily 
explained  by  increased  excitability  and  weakness  of  the  centres 
in  the  lumbar  cord,  are  so  strongly  in  favor  of  the  spinal  location 
of  the  disease,  that  other  possibilities  (as,  for  example,  that  of  an 
affection  of  the  cauda  equina)  sink  into  the  shade  by  its  side. 
The  hypothesis  of  a  spinal  affection  certainly  seems  to  us  the 
most  acceptable. 

Furthermore,  the  disease  can  only  be  afunctional  disorder 
in  tlie  ordinary  sense  of  the  term.  In  favor  of  this  we  liave  the 
absence  of  all  objective  disturbances,  the  absence  of  all  paralytic 
symptoms,  and  the  usually  favorable  course.  In  such  circum- 
stances it  is  hardly  possible  to  suppose  a  considerable  anatomi- 
cal change  in  the  nervous  or  interstitial  structure  of  the  cord ; 
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the  most  would  be,  perhaps,  a  disturbance  of  circulation,  hyper- 
semia,  or  ana)raia  of  the  cord.  The  regularly  accepted  descrip- 
tion of  these  forms,  however,  does  not  agree  with  that  of  neu- 
rasthenia spinalis.  I  must  admit  that  the  hypotliesis  of  anseinia 
of  the  cord  is  very  plausible.  But  it  is  impossible  at  present  to 
confirm  this  hypothesis  in  any  way,  and  it  must  remain  an  open 
question. 

It  seems  most  natural  to  recur  to  fine  disturbances  of  nutri- 
tion in  the  cord,  such  as  we  are  still  obliged  to  assume  in  so 
many  diseases  of  the  nervous  system. 

The  term  "irritable  weakness"  (reizbare  Schwache)  agrees 
best  with  this  notion,  and  in  our  description  the  weakness  is 
quite  prominent.  We  do  not  know  at  all  what  may  be  the 
nature  of  the  processes  of  nutrition  which  cause  the  S3'^mptoms. 
We,  however,  believe  that  we  are  certainly  entitled  to  locate 
them  in  the  cord,  especially  the  lower  portion,  the  lumbar  region. 
The  most  obvious  view  is  that  which  supposes  that  the  physio- 
logical fatigue  of  the  nervous  elements,  which  always  occurs 
after  severe  and  protracted  irritation,  becomes  exaggerated  and 
assumes  a  lixed  form.  In  such  a  case  we  may  suppose  that  the 
fatigue  of  the  nervous  elements  does  not  become  repaired  in  the 
prompt  manner  which  is  usual  under  physiological  conditions. 

Diagnosis. 

The  decision  will  be  based  chiefly  on  the  great  disproportion 
between  the  acute  subjective  complaints  of  the  patient  and  the 
almost  negative  result  of  objective  examination.  The  absence  of 
each  and  every  disturbance  of  motility  and  sensibility,  of  all 
symptoms  which  indicate  an  anatomical  lesion  of  the  cord,  must 
give  probability  to  the  supposition  of  a  purely  functional  dis- 
turbance. If  in  addition  there  exist  general  nervous  weakness, 
sleeplessness,  psycliical  irritability,  a  neuropathic  constitution, 
and  other  etiological  elements  (especially  that  of  undue  sexual 
stimulation),  the  supposition  then  becomes  much  more  probable. 
A  good  deal  of  practical  experience  and  accuracy  in  examination 
is  always  necessary,  and  a  long  period  of  observation  will  often 
be  necessary  before  we  are  clear  in  our  minds. 
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A  few  remarks  upon  the  points  of  diagnosis  in  reference  to 
the  better-known  diseases  of  the  cord  will  be  useful  here. 

From  a  commencing  tabes,  which  is  the  disease  most  usually- 
suspected,  spinal  neurasthenia  can  be  distinguished  with  tolera- 
ble ease. 

The  absence  of  lancinating  pains,  of  parjBsthesise  and  disturb- 
ances of  sensibility,  of  the  girdle-sensation,  of  tottering  when  the 
eyes  are  shut  or  in  the  dark,  of  motor  uncertainty,  of  ataxia, 
will  suffice.  The  study  of  the  tendinous  reflex  action  will  per- 
haps furnish  an  important  point,  if  it  should  appear  that  this 
reaction  is  absent  in  the  early  stages  of  tabes. 

From  active  hypercemia  of  the  cord  we  may  distinguish  spi- 
nal neurasthenia  by  the  absence  of  pain,  of  cutaneous  hyper- 
sestliesia,  of  symptoms  of  motor  irritation,  and  probably  also  by 
the  long  duration  of  the  disease.  From  passive  hypercemia,  by 
the  absence  of  paretic  symptoms,  of  the  feeling  of  heaviness  in 
the  legs,  and  probably  also  by  the  causes  of  the  disease. 

From  incipient  myelitis  the  diagnosis  will  be  rendered  possi- 
ble by  the  absence  of  pareesthesise  and  anaesthesia,  of  paresis  and 
paralysis,  of  weakness  of  the  bladder,  etc. 

The  distinction  from  spinal  irritation  will  often  be  less  easy 
to  make.  If  we  consider  that  the  latter  is  more  characterized  by 
symptoms  of  sensory  irritation,  that  in  it  the  dorsal  pains,  neu- 
ralgias, sensitiveness  of  the  vertebrae,  etc.,  are  in  the  foreground, 
while  in  spinal  weakness  the  motor  disability,  the  sexual  weak- 
ness compose  the  chief  subjects  of  complaint,  we  shall  usually  be 
in  the  right  way.  It  must  be  admitted  that  there  are  cases  of 
ambiguous  signification  which  stand,  as  it  were,  half-way  between 
the  two  forms  of  disease,  and  possess  somewhat  of  each. 

In  no  case  can  we  state  the  diagnosis  with  certainty  until  after 
a  most  careful  objective  examination  and  a  weighing  of  all  cir- 
cumstances, and,  if  possible,  an  opportunity  for  watching  the 
case  some  time. 

The  prognosis  is  very  essentially  influenced  by  these  circum- 
stances. It  is  favorable,  as  compared  with  that  of  organic  dis- 
eases of  the  cord,  which  somewhat  resemble  it  in  symptoms. 

In  most  cases  the  patient  recovers  when  the  causes  are  re- 
moved and  a  suitable  regimen  of  life  is  observed.    Much  time  is 
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required  for  this,  and  the  patient  must  submit  for  months,  or 
even  years,  to  many  a  deprivation  of  ordinary  enjoyments.  If  he 
will  do  this,  his  powers,  and  especially  those  of  the  mind,  may 
remain  considerable,  provided  that  great  regularity  of  life  is  ob- 
served, and  all  excesses  are  avoided. 

In  almost  all  cases,  however,  patients  will  have  to  suffer  some 
loss  of  the  former  enjoyments  of  health  ;  they  remain  a  long  time 
— perhaps  always — in  the  category  of  "nervous"  persons,  and 
must  look  forward  to  a  relapse  of  their  disease  with  every  fresh 
exposure  to  injurious  influences. 

If  the  hereditary  tendency  is  very  great,  if  there  are  unfavora- 
ble external  conditions,  permanent  causes,  the  prognosis  will  of 
course  be  much  less  bright.  The  disease  then  continues,  but 
without,  as  it  seems,  involving  immediate  danger  to  life.  As  re- 
gards the  possibility  of  the  development  of  anatomical  lesions, 
we  cannot  at  present  render  an  opinion. 

Treatment. 

The  causal  indication  must  be  satisfied,  first  and  foremost. 
The  excessive  claims  upon  the  nervous  system  must  be  decidedly 
forbidden,  and  in  most  cases  it  is  really  necessary  to  interpose  a 
period  of  absolute  rest  from  harmful  occupations.  The  arrange- 
ments for  this  will  differ  in  each  case,  according  to  the  existing 
cause. 

Especial  attention  is  required  by  the  regimen  and  diet  of  the 
patient.  He  must  live  a  regular  and  healthy  life  in  every  respect, 
and  must  continue  this  plan  with  the  greatest  perseverance.  He 
must  work  little,  and  only  at  fixed  hours,  with  frequent  interrup- 
tions ;  must  go  to  bed  early  and  sleep  as  much  as  he  can  ;  must 
have  an  abundance  of  strong,  easily  digestible  food,  at  not  too 
great  intervals  ;  spirituous  drinks  are  allowable  in  moderation  ; 
much  moving  about  in  the  open  air  (but  never  to  the  point  of  ex- 
haustion, and  with  proper  alternations  ;  walks,  mountain  climb- 
ing, skating,  gymnastics,  etc.)  is  absolutely  necessary  ;  patients 
who  are  very  easily  exhausted  must  sit  a  great  deal  out  of  doors 
in  a  good  air  ;  the  sexual  act  must  be  restricted  as  much  as  possi- 
ble, but  need  not  be  absolutely  forbidden  in  most  cases,  or  but 
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for  a  time ;  sexual  excitement  witliout  gratification  must  be 
avoided  as  much  as  possible. 

Of  the  plans  of  treatment  for  the  direct  relief  of  the  disease, 
tlie  use  of  a  moderate  cold-water  cure,  well  graduated  to  the 
patient's  strength  and  sensitiveness,  deserves  especial  mention. 
Rubbing  down  with  partly  warmed  water,  gradually  made  colder, 
washing  of  the  back,  of  the  feet,  and  sitz-baths  are  the  most 
suitable,  and  usually  soon  impart  an  increase  of  vigor  and  power. 
Douches  and  very  cold  applications  should  be  avoided. 

I  have  found  the  mountain  air  no  less  efficacious  in  many 
cases ;  a  considerable  time  passed  among  high  mountains,  gradu- 
ally going  to  higher  stations,  does  such  patients  a  great  deal  of 
good,  and  quickly  improves  the  power  of  their  lower  extremities. 
It  is  well  to  combine  this  air-cure  with  a  moderate  water-cure, 
when  possible.  In  selecting  a  place,  its  altitude,  the  quality  of 
the  service,  and  the  convenience  of  the  walks  must  be  regarded  ; 
there  is  no  lack  of  ver}^  suitable  places  in  Switzerland  and  Tja-ol. 

The  galvanic  current  has  also  an  important  place  among  the 
remedies  for  spinal  nervous  weakness ;  it  is  applied  to  the  back 
in  the  usual  way  (best  in  the  ascending  direction,  stabile,  with 
change  of  the  position  of  the  electrodes — current  not  too  strong)^ 
and  may  also  be  applied  directly  to  the  legs,  and  perhaps  to  the 
genitals  also.   Most  patients  bear  it  well,  and  are  improved  by  it. 

Of  drugs,  almost  the  only  ones  in  use  to  be  recommended  are 
the  preparations  of  iron  and  quinia ;  their  forms  and  combina- 
tions may  be  very  various.  It  is  often  useful  to  combine  them,  in 
the  way  recommended  by  Hammond  (see  the  previous  section), 
with  small  doses  of  nux  vomica  or  strychnia ;  but  it  is  well 
to  be  cautious.  According  to  circumstances,  other  tonics  may  be 
used. 

We  shall  often  have  to  decide  upon  the  choice  and  applica- 
bility of  haths.  For  anaemic  and  debilitated  persons,  the  clialy- 
heate  haths  will  be  indicated;  patients  who  require  much  protec- 
tion, who  are  very  sensitive  to  cold,  should  at  first  be  sent  to  the 
thermal  brine  haths  (Rehme,  Nauheim,  etc.),  rather  than  to  a 
cold-water  cure.  Sea-baths  are  a  most  excellent  after-treatment 
for  patients  who  are  used  to  the  water  and  have  a  good  digestion. 

Under  all  circumstances,  these  cures  must  be  followed  out 
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steadily  and  repeatedly  for  a  long  time,  for  the  complaint  is 
very  slow  and  does  not  yield  to  the  first  attack. 

Symptomatic  indications,  such  as  arise  from  the  presence  of 
sleeplessness,  pain,  spermatorrhoea  or  pollutions,  impotence,  di- 
gestive disorders,  etc,  should  be  treated  with  the  customary 
remedies. 


9.  Injiammation  of  the  Spinal  Cord — Myelitis. 

Earless,  Diss,  inaug.  de  myeliticle.  Erlangen,  1814. — Klohss,  De  myelitide.  Halae, 
1820. — Funk,  Die  Riickenmarlcsentzundung.  Bamberg,  1825. — Albers,  Beob. 
auf  d.  Gebiete  d.  Pathol.  I.  S.  73.  imQ.—  OUivier,  1.  c.  II.  S.  302.  3.  Aufl.— 
Abercromhie,  Krkh.  d.  Gehirns  u.  R.-M.  Deutscli  von  G.  v.  d.  Buscli.  1829.  S. 
474. —  CrwrnYAie?',  Anatom.  patholog.  1835.  42.  Livr.  32  u.  38. — Marcel,  T>i&g- 
nost.  et  nature  du  ramolliss.  blanc  d.  1.  moelle  epin,  Gaz.  m6d.  d.  Paris.  1854. 
No.  52.— Evan  Reeves,  Acute  Myelitis.  Edinb.  Med.  Jour.  I.  1855,  1856.  p.  305 
and  416. —  Oppoher,  Acut.  Entzuud.  mit  part.  Erweicliung  d.  R.-M.  Spitalszeit. 
1860.  No.  1-3. — Broion  Sequard,  Lect.  on  Diagu.  and  Treat,  of  thePrin.  Forms 
of  Paral.  of  the  Lower  Extrem.  London,  1861. — Koehler,  Monographie  d. 
Meningit.  Spinal.  1861.  Beob.  17  u.  18. — MannJcopf,  Fall  von  acut.  Myelit 
Bcri.  klin.  Woch.  1864.  No.  1 ;  u.  Tagebl.  d.  40.  Vers.  Deutsch.  Aerzte  u. 
Naturf.  etc.  1865. — Jaccoud,  Des  paraplegics  et  de  Tataxie  du  mouv.  Paris, 
1864. — Armin.  Levy,  D3  myelit.  si^inali  acuta.  Diss.  Bcrolin,  1863. — Frommann, 
Untersuch..  iiber  die  normale  u.  patholog.  Anatom.  d.  R.-M.  I.  1864.  II.  1867. 
— Engelken,  Beitr.  zur  PathoL  d.  acuten  Myelitis.  Diss.  Zurich,  1867. —  P.  A. 
H.  Sachse,  Ueber  Myelit.  etc.  Diss.  Berlin,  1867. —  Fbjsi;i,  Meningo -my elite 
aigu(5.  occas.  p.  1.  froid.  Gaz.  d.  hop.  1865.  Nos.  25-30. — Harley  and  Loci-hart 
Clarice,  Fatal  Case  of  Acute  Progress.  Paral.  from  Softening  etc.  Lancet.  1868. 
Oct.  3. — Keen,  Softening  of  the  Spinal  Cord,  etc.  Amer.  Jour,  of  Med.  Sci. 
July,  1869.  p.  123.— //asse,  Krklit.  des  Nervensyst.  2.  Aufl.  S.  Q^Q.— Ham- 
mond, Diseases  of  the  Nervous  Syst.  3d  edit.  p.  456. — M.  Rosenthal,  Klinik 
d.  Nervenkrkht.  2,  Aufl.  S.  296.-— LeytZen,  Klinik  d.  Riickcnmarkskrkht.  IL  S. 
\\V).—Dujardin-Beaumetz,  De  la  myelitc  aiguiJ.  Paris,  1872. — 0.  Ilayem,  Des 
hemorrhag.  intrarhachid.  Paris,  1872. — Ilayem,  Deux  cas  de  my6l.  aiguii  cen- 
trale  et  diffuse.  Arch,  de  Physiol.  VI.  p.  603  1874.— C.  Westphal,  Ueber  fleck- 
weise  oder  diseminirte  Myelitis.  Arch.  f.  Psych,  u.  Nerv.  IV.  S.  338.  1874. — 
Bernheim,  A^rtikel :  MyGlitc  im  Diet.  Encyclop.  des  Sci.  medic.  IL  sCr.  T.  VIII. 
p.  674.  19.14:.— Duchenne  (de  Boulogne),  Electris.  localisde.  3e  edit.  1872.  p. 
459. — Ilallopcau,  Etudes  sur  les  myClites  chron.  diffuses.  Arch,  g^n^r.  d.  med. 
6.  sgr.  T.  XVIII.  u.  XIX.  1871,  1872.— C.  Lanyc,  Fall  von  Myel.  interstit.  chron. 
Hosp.  Tid.  14.  Aarg.  S.  35.  Virchow-Hiisch,  Jahrcsb.  pro  1871.  II.  S.  77.— 
Frommann,  Fall  von  Wirbelcarics  u.  Dcgonerat.  des  R.-M.  Virchow's  Arch, 
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m.  54.  1S72.— Hob.  W.  TMits,  Case  of  Myelitis.  Med.  Times.  1871.  May  13. 
— Hallopeau,  Etude  d.  1.  scler.  diff.  periependymaire.  Gaz.  raGd,  1870.  Nos. 
30-35. —  FuZpj'aw,  Cas  d.  m6ning.  spin,  et  d.  sclerose  corticale  annulaire,  etc. 
Arcli.  d.  Physiol.  II.  p.  279.  18G9. — Martincau,  Inflammat.  aiguii  gCnGral. 
de  1.  substance  grise  d.  1.  moelle.  Union  nidd.  1874.  Nr.  30. — Feinberg, 
Ueber  reflect.  Gefiissnervenlahmung  u.  RuckenmarksafEection  nach  Ueber- 
firnissen  der  Tiiiere.  Virchow's  Arch.  Bd.  59.  S.  270.  IQIL—Schucppel,  Fall 
von  allg.  Anasth.  Arch.  d.  Heilk.  XV.  S.  44.  1874. — Troisier,  Deux  cas  de 
K'sions  sc)6r.  de  la  moelle  dp.  Arch.  d.  Physiol.  V.  p.  709.  IQI^.—Joffroy, 
Fails  experim.  pour  servir  a  I'histoirc  de  la  my61ito.  Gaz.  m6d.  de  Paris.  1873. 
Nr.  36. — Charcot,  Sur  la  tum6fact.  des  cellules  nerv.  motrices  et  des  cylindres 
axiles,  etc.  Arch.  d.  Physiol.  IV.  p.  93.  1872. — C.  Lange,  Bidrag  til  etc.  Hosp. 
Tid.  16.  Aarg.,  Schmidt's  Jahrbb.  Bd.  168.  8.  238.— Eaymond,  Myel.  de  la 
region  dorsale.  Gaz.  m6d.  1874.  No.  9. — F.  Raymond,  Mydlite  de  la  reg.  cer- 
Ticalc.  Progr^s  m6d.  1875.  No.  17. —  Ger in-Rose,  Myel.  aiguii  gCnfiralisee. 
Union  mSd.  1875.  No.  90. — Langlmns,  Myelitis  d.  grauen  Commisa.  etc.  bei 
Lepra  anjEsth.  Virch.  Arch.  Bd.  64.  1875. — Hamilton,  On  Myelitis,  etc.  Quart. 
Joum.  of  Microsc.  Sci.  Oct.  1875.  p.  334. — Pierret,  Note  sur  un  cas  de  myel. 
a  recliutes.  Arch.  d.  Physiol.  VIII.  p.  45.  1876. — Laveran,  Obs.  d.  my6l.  centr. 
BubaiguS.  Ibid.  VII.  p.  866.  1875.— P.  Baumgarten,  Eigenth.  Fall  von  Paralys. 
ascend,  acut.  mit  Pilzbildung  im  Blut.  Arch.  d.  Heilk.  XVII.  S.  245.  1876.— 
Zewin,  Paraplegic  in  Folge  von  acut.  Myelitis  u.  el.  Behandlung  derselben. 
Deutsche  Klinik.  1875.  Nr.  11. — See  also  the  literature  of  multiple  sclerosis, 
sclero.sis  of  the  postei-ior  columns,  lateral  sclerosis,  poliomyelitis  anter.  acuta  et 
chronica,  etc.,  in  the  succeeding  chapters  of  this  work. 


Introduction. 

Myelitis  constitutes  unquestionably  the  most  extensive  and 
important  chapter  in  the  pathology  of  the  medulla  spinalis. 
Any  one  who  possesses  even  a  superficial  knowledge  of  the  sub- 
ject, will  be  able  to  appreciate  the  difficulties  which  confront  us 
in  the  attempt  to  furnish  a  comprehensive  and  classical  account 
of  it. 

The  material  at  hand  bearing  on  inflammation  of  the  spinal 
cord  and  affections  that  are  classed  with  it,  is  immense  and  in 
the  critical  sifting  and  arrangement  of  this  material  we  meet 
with  difficulties  that  cannot  be  overcome.  These  are  encountered 
chiefly  in  the  domain  of  pathological  anatomy,  many  and  per- 
haps most  of  the  questions  which  come  within  the  limits  of  this 
department  being  still  in  process  of  development.    It  is  as  yet 
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impossible  to  define  accurately  the  boundaries  of  inflammation 
of  tlie  spinal  cord  in  both  its  acute  and  chronic  forms,  and  to 
decide  exactly  what  does  and  what  does  not  fall  within  them. 
Some  authors  do  not  hesitate  to  class  almost  all  the  forms  of 
acute  as  well  as  chronic  disease  of  the  cord,  which  will  be  de- 
scribed in  the  following  chapters,  under  the  head  of  Inflamma- 
tion. They  regard  tabes  dorsalis,  the  so-called  lateral  sclerosis, 
multiple  sclerosis,  progressive  muscular  atroph}'-,  spinal  paraly- 
sis of  children,  myelitis  centralis,  chronic  atrophy  of  the  cord, 
and  secondary  degeneration  of  it,  as  mere  subvarieties  or  different 
localizations  of  one  and  the  same  inflammatory  process.  Others, 
on  the  contrary,  hold  that  a  number  of  these  processes,  such  as 
simple  and  degenerative  atrophy,  softening,  sclerosis,  gray  de- 
generation, and  the  like,  are  entirely  distinct  from  and  independ- 
ent of  inflammation. 

Hence,  the  additions  made  by  one  party  to  the  great  mass  of 
material  bearing  on  the  disease,  are  detached  and  diverted  in 
diffei-ent  directions  by  others.  It  is  as  yet  impossible  to  foretell 
wlien  the  elucidation  of  the  facts  and  opinions  will  take  place. 
Of  late,  however,  all  the  anatomical  and  clinical  investigations 
have  aimed  at  this  goal,  and  they  have  already  thrown  much 
light  on  some  of  the  doubtful  points. 

We  need,  above  all  things,  searching  histological  studies  of 
the  diseased  spinal  cord,  to  enable  us  to  comprehend  the  gene- 
sis and  the  histological  development  of  the  different  processes. 
There  is,  moreover,  great  need  of  further  elucidation  and  a  more 
exact  deflnition  of  the  general  pathological  conception  of  inflam- 
mation, in  order  to  show  what  should  be  comprised  under  the 
head  of  inflammation  of  such  an  organ  as  the  spinal  cord.  It  is 
especially  necessary  that  we  should  learn  how  chronic  inflamma- 
tion of  the  cord  is  to  be  defined,  and  how  it  is  to  be  distinguished 
from,  or  in  what  genetic  connection  it  stands  to,  the  other  forms 
of  chronic  disease,  viz.,  atrophy,  degeneration,  softening,  sclero- 
sis, etc.  Not  till  these  steps  have  been  gained,  will  it  be  possible 
to  determine  positively  what  forms  of  disease  are  to  be  classed 
under  the  head  of  myelitis,  and  to  describe  accurately  the  clini- 
cal histories  of  the  different  forms. 

The  necessities  of  practice,  however,  demand  a  dogmatic  pres- 
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entation  of  the  subject,  and  the  practical  physician  has  a  right 
to  insist,  that  it  should  be  in  accord  with  the  present  state  of  our 
knowledge,  however  incomplete  that  may  be,  all  disputed  ques- 
tions being  avoided  as  far  as  possible.  This  idea  has  guided  and 
influenced  us  in  the  preparation  of  the  following  account  of  the 
disease.  It  is  both  short  and  incomplete,  but  in  extenuation  of 
the  latter  we  must  plead  the  difficulty  of  the  subject,  and  of  the 
former  the  shortness  of  the  space  allotted  us. 

History. 

An  accurate  history  of  the  growth  of  medical  knowledge  on 
the  subject  of  myelitis  would  be  almost  the  same  thing  as  a  his- 
tory of  the  pathology  of  the  spinal  cord  in  general.  That  does 
not  enter  into  our  present  task.  Nor  is  it  at  all  necessary  for  us 
to  investigate  the  question  whether  the  ancients — Hippocrates, 
Aretfeus,  Galen,  and  others — had  or  had  not  any  definite  con- 
ception of  myelitis.  There  can  be  no  doubt  that  they  repeat- 
edly met  with  the  disease,  but  they  did  not  differentiate  it 
sharply  from  other  affections.  We  find  in  their  works  more  or 
less  recognizable  descriptions  of  both  the  acute  and  the  chronic 
forms  of  myelitis. 

Our  more  accurate  knowledge  of  the  inflammations  of  the  spi- 
nal cord  dates  only  from  the  end  of  the  last  and  the  beginning  of 
the  present  century.  Here,  too,  it  was  P.  Frank  (1792)  who  gave 
the  impetus  to  more  accurate  investigations.  Spinitis,  rachi- 
algitis,  and  the  like,  were  the  terms  then  applied  to  the  more 
acute  forms  of  the  disease.  At  a  later  period,  the  term  "myeli- 
tis," which  is  now  universally  employed  to  designate  inflamma- 
tion of  the  spinal  cord,  was  introduced,  mainly  through  the 
works  of  Harless  (1814)  and  Klohss  (1820). 

In  the  third  decennium  of  this  century,  the  epoch-making 
works  of  Ollivier  (1st  Edit.,  1821)  and  of  Abercrombie  (1828) 
appeared  and  placed  the  subject  of  myelitis  on  a  firmer  founda- 
tion. These  authors  were  the  first  to  point  out  the  intimate  con- 
nection of  softening  with  the  acute  form  of  the  disease.  After 
this  the  subject  remained  in  statu  quo  for  a  long  time.  During 
the  fifth  and  sixth  decennia  tlie  attention  of  physicians  was  grad- 
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Tially  directed  more  to  the  chronic  forms  of  the  disease.  Among 
the  valuable  contributions  of  this  period,  we  must  mention 
Tiierck's  discoveries  concerning  the  secondary  degenerations,  and 
Romberg's  account  of  tabes  dorsalis,  but,  above  all,  the  admira- 
ble observations  and  investigations  of  Duchenne  (of  Boulogne). 
This  last-named  author  described  in  a  classical  manner  the  clini- 
cal histories  of  chronic  spinal  paralyses,  locomotor  ataxia,  pro- 
gressive muscular  atrophy,  etc. 

The  development  of  the  pathology  of  the  spinal  cord  did  not, 
however,  receive  any  great  impetus  until  the  beginning  of  the 
seventh  decennary,  when  it  began  to  make  rapid  progress  under 
the  influence  of  improved  methods  of  physiological  and  histo- 
logical investigation.  In  this  accelerated  development  the  sub- 
ject of  myelitis  plaj^ed  a  prominent  part.  We  must  here  extol 
especially  the  works  of  Brown-Sequard.  The  publications  of 
Oppolzer,  Levy,  Mannkopf,  and  others,  on  acute  myelitis,  are 
also  deserving  of  special  mention,  while  the  pathological  ana- 
tomy of  the  subacute  and  chronic  forms  of  myelitis  was  cleared 
up  very  greatly  by  the  valuable  contributions  of  Frommann  (1864 
and  1867).  From  this  time  forward  we  have  to  chronicle  a  rapid 
advance  in  the  knowledge  of  the  acute  and  chronic  forms  of 
inflammation  of  the  spinal  cord,  which  became  the  object  of  zeal- 
ous study  in  France  and  England,  as  well  as  in  German}'-,  Broad 
foundations,  on  which  to  build  up  the  edifice  of  acute  mj'elitis, 
were  laid  by  the  works  of  Engelken,  Charcot,  Bujardin-Beau- 
metz,  Hayem,  Westphal,  J.  v.  Heine,  and  others,  but  it  was 
nevertheless  the  chronic  forms  of  the  disease  which  attracted  the 
most  earnest  attention  of  scientific  men.  Our  knowledge  of  these 
has  been  greatly  advanced  by  the  admirable  works  of  Friedreich, 
Westphal,  Ley  den,  Frommann,  Th.  Simon,  and  others,  in  Ger- 
many ;  of  Lockhart  Clarke,  Gull,  and  others,  in  England ;  and 
of  Duchenne,  Topinard,  Jaccoud,  Cliarcot,  Yulpian,  Hallopeau, 
Joffro}^,  Midland,  Pierret,  and  others,  in  France. 

The  school  of  the  Salpetriere,  under  the  direction  of  Charcot 
and  Vulpian,  has  unquestionably  played  the  most  prominent 
part  in  the  furtherance  of  this  development.  We  have  to  thank 
it  for  numerous  admirable  works,  full  of  new  discoveries  and 
fruitful  thoughts.    Germany,  too,  has  furnished  during  recent 
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years  a  number  of  excellent  works.  (Compare  the  histories  of 
tabes  dorsalis,  multiple  sclerosis,  and  spinal  paralysis  of  children.) 
Finally,  we  must  also  mention  the  claims  of  the  electro- therapeu- 
tists, especially  those  of  G(?rmany,  whom  we  must  thank  for 
many  valuable  advances,  not  only  in  the  treatment,  but  also  in 
the  pathology  of  myelitis. 


In  describing  myelitis,  it  seems  to  us  for  many  reasons  expe- 
dient to  distinguish  two  principal  forms  of  the  disease,  viz.,  the 
ancle  and  the  clironic.  These  two  forms  run  into  one  another  in 
many  points,  but  as  a  general  thing  they  present  noticeable  dif- 
ferences, chiefly  in  regard  to  their  course,  but  also  in  regard  to 
their  pathological  anatomy  and  their  clinical  manifestations. 
The  different  forms  and  subvarieties  of  the  disease,  of  which 
there  are  not  a  few,  will  be  only  briefly  alluded  to  here,  as  we 
shall  return  more  fully  to  them  at  a  later  period. 

A.  Acute  Inflammation  of  the  Spinal  Cord— Myelitis  Acuta. 

Definition. — We  understand  by  acute  myelitis  all  the  varie- 
ties of  acute  inflammation  of  the  substance  of  the  spinal  cord, 
which  rapidly  lead  to  serious  disturbances,  and  are  usually,  if 
not  always,  attended  by  fever. 

We  have  to  deal  here  with  rapidly  developing  inflammatory 
clianges,  which  aifect  the  connective  substance  as  well  as  the  ner- 
vous elements  of  the  cord,  but  of  which  all  the  histological  steps 
are  not  yet  thoroughly  understood.  The  usual  result  is  a  rapid 
destruction  of  the  histological  constitution  of  the  cord,  Avhich 
almost  always  takes  the  form  of  softening,  and  is  of  course 
accompanied  by  abolition  of  the  function  of  the  affected  part. 
In  the  present  state  of  our  knowledge,  it  is  scarcely  possible 
to  make  an  accurate  subdivision  of  the  disease  into  parenchyma- 
tous and  interstitial  acute  myelitis. 

Acute  myelitis  may  present  itself  in  different  forms,  according 
to  its  exact  seat.  It  may  also  follow  very  different  courses.  It 
is  true  that  the  development  of  the  disease  and  of  the  disturb- 


388    EKB. — DISEASES  OF  THE  SPINAL  COED  AND  ITS  ENVELOPES. 

ances  of  function  caused  by  it,  is  in  almost  all  cases  very  rapid, 
but  of  the  cases  which  prove  fatal,  it  is  only  in  a  small  number 
that  the  subsequent  course  of  the  disease  is  as  rapid  as  its  com- 
mencement. On  the  other  hand,  a  speedy  recovery  is  very  rare  ; 
usually  the  disease  runs  a  more  or  less  protracted  course,  and 
either  terminates  in  death  or  sinks  into  a  chronic  affection. 

Etiology  and  Pathogenesis. 

The  comparative  rarity  of  acute  myelitis  accounts  in  a  mea- 
sure for  our  lack  of  knowledge  concerning  its  causes.  It  is 
only  in  a  small  number  of  the  cases  that  we  can  succeed  in  dis- 
covering a  tangible  cause,  and  even  in  them  its  mode  of  action 
usually  remains  enveloped  in  mystery.  Many  cases  apparently 
originate  spontaneously,  without  any  exciting  cause  at  all.  In 
such  cases  the  cord  has  been  subjected  to  the  action  of  irritants 
which  are  entirely  unknown  to  us. 

Very  little  is  known  concerning  the  conditions  which  produce 
an  increased  predisposition  to  acute  myelitis.  The  male  sex 
seems  to  be  more  subject  to  the  disease  than  the  female.  It  is 
said  that  the  greatest  number  of  cases  occur  during  youth  and 
middle  age,  between  the  ages  of  ten  and  thirty  years,  but  still 
there  is  a  particular  form  of  acute  myelitis,  the  so-called  spinal 
paralysis  of  children,  which  is  essentially  and  almost  exclusively 
a  disease  of  childhood.  Many  authors  hold  that  this  form  of  the 
affection  is  connected  with  dentition,  but  the  correctness  of  the 
opinion  is  questionable. 

It  seems  to  us  that  it  would  be  more  correct  to  class  sexual 
excesses,  the  practice  of  coitus  in  the  erect  position,  severe 
bodily  exertion  and  the  like,  with  the  predisposing  than  with 
the  exciting  causes  of  acute  myelitis. 

Of  the  latter  the  simplest  and  the  easiest  to  studj?"  are  inju- 
ries, to  which  the  spinal  cord  is  so  frequently  exposed,  and 
which  may  result  from  the  most  various  external  agencies.  All 
sorts  of  injuries  of  the  cord,  such  as  those  produced  by  punctur- 
ing and  cutting  instruments,  b}^  fractures  and  luxations  of  the 
vertebrse,  contusions,  etc.,  form  the  regular  starting-point  for  the 
acute  traumatic  myelitis  which  we  have  already  described  in 
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No.  4,  Part  1,  p.  305,  This  traumatic  myelitis  has  also  repeat- 
edly been  the  subject  of  experimental  investigations. 

Next  in  order  come  the  cases,  in  which  a  slow  compression  of 
the  spinal  cord  is  the  starting-point  of  a  myelitis.  This  com- 
pression may  be  due  to  lesions  of  the  most  various  sorts.  (Comp. 
above,  No.  5,  Part  1,  p.  319.)  It  is  true  that  some  of  the  com- 
pressing agents  which  come  in  question  here,  are  more  liable  to 
excite  the  subacute  and  chronic  forms  of  myelitis.  When,  how- 
ever, the  agent  which  produces  compression  of  the  cord,  is  at  the 
same  time  of  an  irritating  nature,  e.  g.,  carcinoma,  the  inflamma- 
tory exudation  in  caries  of  the  vertebrae,  etc.,  changes  are  not 
infrequently  produced,  which  unquestionably  belong  to  acute 
myelitis.  This  brings  us  to  those  forms  of  acute  myelitis  which 
are  due  to  the  transmission  of  infiflammatory  processes  from 
neighboring  organs  and  tissues,  without  the  intervention  of  com- 
pression of  the  cord.  The  principal,  and  practically  the  only 
important,  disease  belonging  in  this  category  is  acute  meningitis 
spinalis,  which  is  almost  invariably  attended  by  more  or  less 
extensive  implication  of  the  cord  itself.  We  have  already  spoken 
of  this  peculiarity  in  the  chapter  on  Leptomeningitis  Acuta,  Part 
1,  p.  233. 

CatcJiing  cold  is  unquestionably  one  of  the  most  important 
and  most  frequent  causes  of  acute  myelitis.  The  cases  in  which 
exposure  to  some  one  of  the  more  severe  causes  of  colds,  such  as 
sudden  cooling  of  the  overheated  body,  a  fall  into  water,  sleep- 
ing on  the  damp  earth  or  in  snow,  etc.,  has  been  followed  imme- 
diately by  the  symptoms  of  acute  myelitis,  are  too  numerous  to 
leave  any  doubt  of  the  potentiality  of  this  cause.  (See  the  obser- 
vations of  Ollivier,  Oppolzer,  Voisin,  and  others.)  Dujardin- 
Beaumetz  believes  that  the  frequency  of  the  disease  among  bakers 
can  be  ascribed  to  the  fact,  that  their  work  exposes  them  in  an 
unusual  degree  to  colds. 

The  question  whether  excessive  bodily  exertion  must  also  be 
classed  among  the  exciting  causes,  cannot  as  yet  be  decided. 
Perhaps  it  acts  only  as  a  predisposing  cause.  At  all  events,  it 
seems  to  have  a  certain  etiological  significance,  when  combined 
with  exposure  to  the  causes  of  colds  ;  every  war,  and  especially 
every  winter  campaign,  furnishes  examples  which  illustrate  this. 
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The  same  may  also  be  said  of  the  different  varieties  of  sexual 

Acute  myelitis  is  not  unfrequently  developed  as  a  complica- 
tion or  sequel  of  acute  diseases.  It  has  been  observed  in  con- 
nection with  typhus,  the  acute  exanthemata,  acute  rheumatism, 
severe  puerperal  diseases,  etc.;  most  frequently,  however,  in  con- 
nection with  variola  ( Westphal).  In  this  last  case  the  myelitis  has 
set  in  at  a  variable  period  after  the  outbreak  of  the  primary  dis- 
ease, in  a  few  rare  cases  not  until  several  weeks  afterwards. 
Baumgarten  recently  reported  a  remarkable  case,  in  which  infec- 
tion with  bacteria  (from  malignant  pustule)  was  in  all  probability 
the  cause  of  an  exceedingly  acute  myelitis. 

Among  the  chronic  infectious  diseases,  syjpliilis  can  unques- 
tionably cause  acute  myelitis.  A  question  may  be  raised  as  to 
whether  we  have  to  deal  in  this  case  with  a  specific  luetic  process, 
or  with  an  ordinary  non-specific  myelitis  of  which  the  syphilis 
has  been  only  a  predisposing  and  distant  cause.  It  is  at  all 
events  certain,  that  myelitis  running  a  rapid  course,  is  observed 
with  unusual  frequency  among  syphilitic  patients.  Our  own 
observations  lead  us  to  agree  with  Hay  em,  who  claims  that 
syphilis  is  an  etiological  agent  of  decided  importance. 

Continued  suppression  of  the  menses,  sweating  of  the  feet, 
and  hemorrhoidal  bleeding  play  a  more  or  less  doubtful  role  in 
the  etiology  of  acute  myelitis. 

Violent  emotions  seem  in  many  cases  to  have  been  really  the 
starting-point  of  myelitis.  At  least  some  isolated  cases  have 
been  reported  (by  Lej^den,  among  others),  in  which  the  first 
symptoms  of  myelitis  showed  themselves  immediately  after  some 
intense  psychical  movement,  such  as  fear,  anxiety,  or  anger. 

Finally,  irritations  and  diseases  of  peripJieral  organs  must 
also  be  mentioned  among  the  causes  of  acute  myelitis,  although 
the  cases  in  which  they  are  really  the  agens  morbi  are  compara- 
tively rare.  For  instance,  a  certain  proportion  of  the  so-called 
reflex  paraplegias,  which  are  developed  in  connection  with  dis- 
eases of  the  urinary  and  digestive  apparatuses  and  of  the  uterus, 
or  with'  irritations  and  inflammations  of  the  peripheral  nerves, 
the  joints,  etc.,  should  really  be  classed  as  acute  myelitis.  This 
fact  and  the  pathogenesis  of  reflex  paralyses  have  already  been 


MYELITIS, 


391 


discussed  In  more  than  one  chapter  of  this  work,  and  we  may 
refer  tlie  inquirer  to  them  for  further  information.'  Here,  we  will 
only  mention  the  fact  that  Feinberg '  has  recently  succeeded,  by 
varnishing  the  skin  of  rabbits,  in  exciting  an  acute  affection  of 
the  spinal  cord,  which  at  all  events  closely  resembles  inflamma- 
tion. He  regards  it  as  reflex  in  nature  and  secondary  to  the 
severe  irritation  of  peripheral  sensitive  nerves,  and  ascribes  it  to 
paral3^sis  of  the  vaso-motor  centres.  After  all  has  been  said, 
however,  we  must  admit  that  we  have  very  little  positive  knowl- 
edge concerning  the  pathogenesis  of  reflex  paraplegias,  and 
unfortunately  our  knowledge  of  the  pathogenesis  of  myelitis 
due  to  other  causes  is  equally  deficient.  The  traumatic  cases 
and  those  secondary  forms  due  to  extension  of  inflammation 
from  neighboring  tissues,  are  the  easiest  to  comprehend.  When, 
however,  we  seek  to  explain  the  manner  in  which  catching  cold 
or  emotional  disturbance  produces  myelitis,  or  the  mode  in 
which  it  is  developed  in  connection  with  acute  diseases,  or  with 
syphilis,  etc.,  we  can  only  bring  forward  more  or  less  gratuitous 
theories,  which  it  would  be  useless  to  discuss  here. 

Pathological  Anatomy.  ifiUftCI'' 

Frequently  a  spinal  cord  which  is  tlie  seat  of  acute  inflam- 
mation, presents  very  little  or  even  absolutely  no  macroscopic 
change.  There  is  not  the  slightest  reason  to  doubt,  that  the 
disease  has  on  innumerable  occasions  been  overlooked  at  the 
autopsy.  In  fact,  we  can  scarcely  ever  be  absolutely  certain 
that  an  acute  myelitis  exists,  until  a  microscopic  examination 
has  been  made. 

In  the  macroscopic  examination  the  most  striking  peculiarity 
is  the  diminution  in  the  consistence,  the  softening,  of  the  cord 
(myelomalacie).  This  change  is  so  constant,  that  softening  has 
been  generally,  but  very  incorrectly,  identified  with  acute  in- 
flammation.   That  the  two  processes  are  not  identical,  is  evident 


'  See  Vol.  Xr.  and  Vol.  XII. 

'  Virchow's  Archiv.  Vol.  09.  p.  270. 
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on  the  one  liand  from  the  fact,  that  every  softened  cord  is  not 
infiamed,  and  on  the  other  from  the  fact  that  inflammation  of  the 
cord  does  not  always  terminate  in  softening.  It  would  be  better 
consequently  to  discard  entirely  the  use  of  the  term  "softening," 
to  designate  inflammatory  processes.  I  must  at  all  events  pro- 
test most  earnestly  against  the  promiscuous  employment  of  the 
name  myelomalacia  as  a  synonym  for  myelitis.  That  term 
should  be  reserved  for  processes  of  softening  pure  and  simple. 

The  inflammatory  changes,  which  we  will  consider  flrst,  vary 
greatly  as  regards  their  localization  in  the  spinal  cord.  Acute 
myelitis  has  its  seat  and  starting-point  most  frequently  in  the 
gray  substance,  a  fact  which  depends  probably  on  the  vascular 
richness  of  this  portion  of  the  cord.  It  may  extend  to  a  greater 
or  less  distance  in  a  vertical  direction,  and  may  penetrate  more 
or  less  deeply  into  the  white  columns.  This  is  the  form  which, 
since  the  time  of  Albers,  has  been  usuall}'-  designated  as  myelitis 
centralis. 

It  may  spread  very  rapidly  through  the  gray  substance,  and  in  a  short  time 
involve  the  greater  part,  or  even  the  whole  of  the  gray  axis — diffuse  central  myelitis 
(Hayem).  When  the  wliite  columns  are  also  involved  to  a  marked  extent,  so  that 
the  entire  cord  is  more  or  less  implicated  in  the  inflammatory  process,  the  affection 
may  be  called  myelitis  diffusa.  Strictly  speaking,  however,  this  is  a  rare  oc- 
currence. 

Not  unfrequently  the  entire  thickness  of  the  cord  is  affected 
for  a  longer  or  shorter  distance.  The  diseased  part  may  in  such 
cases  be  several  inches  in  length,  but  the  inflammatory  process  is 
usually  not  equally  intense  throughout  its  whole  extent.  This  is 
the  form  which  is  now  ordinarily  described  as  myelitis  trans- 
versa. 

When  the  centre  of  inflammation  is  less  extensive,  so  that  it 
involves  only  a  small  portion  of  the  cord  both  vertically  and 
transversely,  it  is  termed  myelitis  circumsci'ipta.  Here  we  have 
to  deal  with  a  small  spot  of  inflammation  buried  somewhere  in 
the  substance  of  the  cord.  Not  unfrequently,  however,  we  meet 
with  several  of  these  small  spots  in  the  same  cord.  Cases  have 
been  observed  (Westphal),  in  which  the  myelitis  presented  itself 
in  the  form  of  numerous  foci  scattered  throughout  the  entire  cord 
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and  separated  from  one  another  by  healthy  tissue — cases  in  whicli 
the  disease  was  widespread,  but  attacked  only  circumscribed 
and  scattered  spots.    This  is  called  myelitis  disseminata. 

Finally,  that  fo]"m  of  the  disease  which  is  secondary  to  menin- 
gitis, affects  principally  the  peripheral  layers  of  the  cord,  pene- 
trating more  or  less  deeply  and  extending  vertically  to  a  variable 
dis  t^ncQ— myelitis  periplierica. 

LEEDS  .ScWEST-RIDlNG 
 WtDlUO-CHWURCICAL  SOClFTt 

The  appearances  presented  by  the  affected  spots  vary  greatly 
according  to  the  stage  of  the  myelitis,  and  in  part  also  accord- 
ing to  the  special  peculiarities  of  the  process  in  the  individual 
cases — always  provided  there  are  macroscopically  demonstrable 
lesions.    We  must  here  distinguish  different  stages. 

1.  The  stage  of  Jiypercemia  and  commencing  exudation  {redi 
softening).  We  do  not  often  meet  with  this  stage  of  the  disease 
at  the  post-mortem  table.  The  opportunities  to  study  it  are  fur- 
nished most  frequently  by  those  cases  in  which  the  inflammation 
is  secondary  to  severe  traumatic  lesions,  or  by  cases  of  myelitis 
centralis,  which  run  a  rapidly  fatal  course. 

At  the  affected  spot  a  slight,  and  in  rare  cases  a  marked,  swell- 
ing can  be  recognized.  On  section,  the  transverse  markings  are 
found  to  be  blurred  and  indistinct,  and  the  cut  surface  not  unfre- 
quently  presents  a  variegated,  marbled  appearance.  The  red 
color  of  the  tissue,  which  is  due  to  the  hypersemia,  is  usually  very 
marked  ;  it  may  vary  from  a  slight  rosy  injection  to  a  deep  red, 
reddish  brown  or  chocolate  color,  when  more  or  less  numerous 
capillary  hemorrhages  are  added  to  the  often  very  intense  hyper- 
a3mia.  The  inflamed  spots  are  almost  always  unusually  moist 
and  soft ;  they  swell  up  above  the  level  of  the  cut  surface.  The 
softening  may  be  so  great  that  the  tissue  is  reduced  to  the  con- 
sistency of  pap.  In  very  rare  cases  we  observe  a  slight  increase 
in  consistency  at  this  stage,  probably  on  account  of  infiltration 
of  the  interstitial  tissue  with  a  firmer  exudation.  Hayem  has 
reported  an  instance  of  this.  In  some  few  cases  we  can  see  with 
the  naked  eye,  or  with  the  help  of  a  lens,  a  distinct  deposit  of 
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exudation  in  tlie  affected  spot ;  it  takes  the  form  of  whitisli  or 
yellowish,  clouded  or  glassy,  colloid  streaks  or  rings,  which  are 
imbedded  in  the  septula  or  poured  out  around  the  vessels.  The 
meninges  in  the  neighborhood  of  the  affected  spot  also  frequently 
l^resent  the  signs  of  hyperjemia  and  inflammation. 

In  prei^arations  hardened  in  chromic  acid,  the  myelitic  spots  can  usually  be  much 
more  readily  distinguished  from  the  healthy  tissue  by  their  different  (brighter  yel- 
low) color,  than  in  the  fresh  cord.  The  inflamed  jjarts,  moreover,  harden  slowly 
and  badly,  and  on  section  they  appear  friable,  crumbly  and  not  coherent,  and  do 
not  present  sharply  defined  markings.  The  smaller  spots  of  myelitis  in  particular,  as 
well  as  the  secondary  degenerations,  are  very  sharply  and  distinctly  mapped  out  by 
this  discoloration. 

2.  The  stage  of fatty  degeneration  and  of  resorption  (yellow 
and  white  softening).  As  the  disease  progresses,  the  affected 
spot  becomes  constantly  paler  and  more  and  more  softened.  Its 
color  changes  gradually  from  red  to  yellow  ;  this  change  is  due 
partly  to  the  dift'usion  and  alteration  of  the  coloring  matter  of 
the  blood,  partly  to  the  fatty  degeneration  of  the  medullary 
sheaths  and  the  formation  of  masses  of  fat -granules,  and  partly 
to  the  cessation  of  the  liypersemia.  Through  the  influence  of 
these  three  agencies,  but  particularly  in  consequence  of  the  ac- 
cumulation of  fatty  detritus,  the  color  becomes  progressively 
whiter,  and  the  entire  substance  assumes  a  creamy  or  milky  ap- 
pearance. The  softening  has  meanwhile  made  rapid  progress,  the 
medulla  swells  up  very  much  above  the  cut  surface,  acquires  a 
pappy  or  even  a  more  fluid  consistency,  and  often  flows  out  of 
the  sac  of  the  pia  entirely.  This  softening  is  caused  principally 
by  the  fluid  exudation  from  the  vessels,  acting  in  concert  with 
the  destruction  of  the  nerve-fibres.  This  exudation  may  possibly 
present  certain  differences  in  different  cases,  which  would  account 
for  the  varying  degree  of  the  softening,  or  even  for  its  entire  ab- 
sence.   Of  this,  however,  we  have  no  positive  knowledge. 

At  last  nothing  remains  of  the  diseased  spot  but  the  vascular 
network  and  a  portion  of  the  hypertrophied  septa,  between  which 
is  a  softened  mass  that  can  readily  be  pressed  out,  or  which  per- 
haps flows  out  without  the  help  of  pressure.  In  consequence  of 
the  progressive  resorption  of  the  nerve-substance  and  the  fat- 
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granules,  tlie  spot  gradually  assumes  a  more  grayisli  color,  and 
finally  becomes  smaller  and  depressed. 

Actual  suppuration  occurs  very  rarely  in  acute  myelitis.  When  abscess  of  the 
cord  does  form,  it  is  generally  secondary  to  a  severe  traumatic  lesion  or  to  suppu- 
rative meningitis.  In  spontaneous  myelitis,  on  the  other  hand,  suppuration  is  ex- 
ceedingly rare,  and  has  only  been  observed  in  a  very  few  cases. 

8.  The  terminal  stage  (formation  of  cicatrices  or  cysts,  in- 
duration, sclerosis,  etc.). 

The  resorption  of  the  softened  masses  continues  until  finally 
all  the  fluid  portions  have  completely  disappeared.  ISTothing 
remains  but  the  vascular  and  connective  tissue  networks,  which 
are  in  part  thickened  and  hypertrophied ;  they  form  a  more  or 
less  dense,  shrivelled,  grayish,  semi-transparent  cicatrix,  which 
is  often  flecked  with  pigment.  This  cicatrix  unites  the  portions 
of  the  cord  that  have  remained  healthy.  In  some  rare  cases  a 
restoration  of  the  nerve- tissue  takes  place  ;  after  a  certain  length 
of  time  small,  dark-bordered,  regenerated  nerve-fibres  can  be  de- 
monstrated in  the  cicatrix.  In  this  way  also  a  restoration  of 
function  can  be  brought  about,  as  happened  in  one  of  Charcot's 
cases.  This  fortunate  result  seems,  however,  to  occur  more  read- 
ily in  the  subacute  and  chronic  forms. 

Not  unfrequently  more  or  less  extensive  collections  of  fluid 
are  left  behind  in  the  framework  of  the  cicatrix,  and  lead  to  the 
formation  of  single  or  multiple,  large  or  small  cysts.  They  usu- 
ally contain  a  muddy  fluid  resembling  milk,  or  more  frequently, 
serum. 

In  many  cases,  on  the  contrary,  the  interstitial,  supporting 
framework  becomes  in  course  of  time  greatly  hypertrophied  and 
consolidated.  It  increases  in  thickness  and  density,  the  vessels 
become  larger  and  their  walls  thicker ;  tlie  previously  softened 
spot  becomes  firmer  and  denser,  gray  and  semi-transparent,  and 
presents  a  marked  contrast  in  color  and  consistency  to  the  sur- 
rounding parts.  Here  we  have  the  commencement  of  liarden- 
ing^  or  sclerosis.  When  the  interstitial  growth  of  connective 
tissue  persists,  and  extends  in  a  slow  but  j^rogressive  manner  to 
the  neighboring  parts  of  the  cord,  which  were  previously  either 
healthy  or  very  slightly  changed,  and  when  it  propagates  itself 
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there,  leading  to  a  gradual  destruction  of  the  nervous  elements, 
we  have  before  us  the  transition  into  chronic  myelitis.  This  is 
a  frequent  occurrence.  In  almost  all  cases  of  myelitis  which  do 
not  prove  rapidly  fatal,  this  transition  takes  place  at  some  late 
period  of  the  disease. 

The  macroscopic  examination,  as  a  rule,  reveals  also  an  im- 
plication  of  the  meninges  in  the  inflammatory  process.  The 
signs  of  it  are  cloudiness  of  the  membranes,  infiltration  with 
serum,  cellular  elements  or  pus  (often  only  discovered  at  the 
microscopical  examination),  thickening,  adhesions,  capillary  ex- 
travasations in  addition  to  extreme  hypersemia,  etc.  The  spinal 
fluid  is  usually  increased,  somewhat  cloudy  and  reddish,  but  it 
is  sometimes  entirely  unchanged.  The  condition  of  the  roots  of 
the  nerves  is  regulated  by  that  of  the  pia ;  they  are  sometimes 
softened,  loosened  and  swollen,  sometimes  atrophic,  gray,  trans- 
lucent and  indurated. 

In  the  later  stages,  in  addition  to  the  actual  centre  of  inflam- 
mation, we  often  meet  with  the  so-called  secondary  degenera- 
tions^ of  which  we  have  already  repeatedly  spoken :  ascending 
degeneration  in  the  funiculi  graciles,  and  descending  in  the  pos- 
terior lateral  columns,  etc.  In  many  cases  of  acute  myelitis  the 
disease  does  not  last  long  enough  for  their  development,  but  they 
are  rarely  wanting  in  the  cases  that  become  chronic.  The  transi- 
tion from  myelitis  to  secondary  degenerations  can  often  be  traced 
very  accurately  in  successive  transverse  sections. 

The  microscopical  examination  is,  however,  of  supreme  im- 
portance for  the  understanding  of  the  pathological  processes 
which  take  place  here.  The  cord  should  be  examined  microscop- 
ically, both  in  the  fresh  state  and  after  it  has  been  hardened  by 
the  usual  methods.  The  changes  are  seen  to  affect  the  nerve- 
fibres  and  the  ganglion-cells,  as  well  as  the  connective  tissue 
framework  and  its  vessels. 

In  the  first  stage  we  find  marked  dilatation  of  the  capil- 
laries and  small  arteries,  and  more  especially  of  the  small  veins  ; 
they  are  distended  with  blood,  and  not  unfrequently  enveloped 
in  layers  of  white  and  red  blood  corpuscles  arranged  in  the  form 
of  a  sheath.  Here  and  there  larger  collections  of  red  corpuscles 
are  found  (capillary  extravasations).    The  walls  of  the  vessels 
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are  thickened  and  studded  with  fat-granules  and  granule-cells, 
presenting  exudative  and  plastic  infiltration.  Hay  em  describes 
particularly  a  glassy,  colloid  exudation,  which  surrounds  the 
vessels  like  a  sheath  in  a  layer  of  varying  thickness,  and  which 
is  also  found  disseminated  elsewhere  in  the  tissue. 

Baumgarten  seems  to  have  seen- something  very  similar — a  hyaline,  firm,  glassy 
exudation  in  the  tissue  of  the  gray  substance,  about  the  vessels  and  in  the  anterior 
longitudinal  furrow — in  his  interesting  case  of  acute  central  myelitis,  which  was 
probably  due  to  infection  ■with  the  poison  of  anthrax. 

Marked  changes  are  always  found  in  the  neuroglia.  The 
fibres  of  the  reticulum  are  thickened  and  swollen,  the  network 
is  much  denser  and  more  distinct,  and  it  is  in  part  filled  with 
nuclei  and  cells.  The  glia  cells  themselves  are  swollen  and  in- 
creased in  number ;  they  often  contain  several  nuclei,  and  are 
sometimes,  like  the  thickened  connective  tissue  septa,  infiltrated 
with  colloid  masses.  Even  in  this  stage  we  genei'ally  find 
granule- cells  in  greater  or  less  numbers,  partly  in  the  immediate 
neighborhood  of  the  vessels,  partly  scattered  irregularly  in  the 
interstitial  tissue  and  its  meshes. 

The  changes  in  the  nerm  fibres  are  also  very  striking  and  im- 
portant. The  fibres,  in  general,  present  irregular  contractions 
and  enlargements  ;  the  medullary  sheath  has  in  places  broken 
down  into  globules  or  larger  irregular  fragments,  and  has  become 
granular ;  in  many  fibres  it  has  entirely  disappeared,  or  has 
united  with  the  axis-cylinder  to  form  a  single,  homogeneous 
mass.  The  axis -cylinders  themselves,  as  is  evident  from  the 
observations  of  Frommann,  Charcot,  Hayem,  Joffroy  and  others, 
are  frequently  swollen,  and  often  attain  enormous  dimensions. 
They  present  large,  spindle-shaped  swellings  and  bulging,  club- 
shaped  fragments  ;  they  are  streaky,  clouded,  studded  with  gran- 
ules, brittle,  and  apparently  in  a  state  of  granular  degenera- 
tion. The  thickening  of  the  axis-cylinder  can  be  very  readily 
seen  in  transverse  sections,  in  which  they  are  often  found  lying 
together  in  groups.  Isolated  swollen  axis-cylinders  are  also 
found  lying  in  the  midst  of  imchanged  nerve-fibres. 

The  ganglion-cells  are  also  involved  in  the  inflammatory 
changes.    They  are  swollen,  often  to  a  very  considerable  size, 
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looking  tlien  as  if  tliey  were  puffed  up.  Their  substance  is 
clouded  ;  in  tlie  beginning  tlie  nucleus  and  nucleolus  are  usually- 
intact,  but  in  a  few  instances  they  are  in  process  of  division. 
Sometimes  we  observe  glassy  swelling  of  the  cells,  and  a  develop- 
ment of  vacuoli  in  them.  Their  processes  are  also  swollen, 
clouded,  irregular  in  shape,  and  in  part  destroyed.  At  a  later 
period  the  cells  disappear  before  the  advancing  processes  of  de- 
struction. 

In  the  second  stage  we  find  the  nervous  elements  fully  in- 
volved in  the  process  of  destruction  :  the  nerve-fibres  are  broken 
down  into  fragments  ;  the  medullary  sheath  is  in  a  state  of  fatty 
degeneration,  and  the  axis-c3'linder  altered  or  destroyed.  The 
ganglion-cells  are  partly  melted  down  and  destroyed,  partly 
atrophied  and  reduced  to  small  glistening  scales,  without  demon- 
strable structure.  The  connective  tissue  framework  is  loosened 
and  softened  by  the  fluid  exudation,  the  development  of  cells 
and  fatty  degeneration.  The  walls  of  the  vessels  are  thickened, 
very  rich  in  nuclei,  filled  with  fat-granules  and  frequently  sur- 
rounded by  thick  layers  of  granular  cells.  The  semi-fluid  pulpy 
mass  formed  by  the  inflamed  and  softened  cord,  contains  also 
numerous  lumps  and  drops  of  myelin,  the  remains  of  blood-cor- 
puscles, colorless  cells,  pigment-granules,  fine  granular  detritus, 
and,  above  all,  numerous  fat  granule-cells.  ^h.Q^Q  fat- granule- 
cells  form  usually  the  most  striking  constituent  of  the  softened 
myelitic  mass,  and  attract  the  attention  of  the  observer  at 
once ;  they  are  especially  distinct  when  the  cord  is  examined 
in  the  fresh  state.  They  are  found  deposited  about  the  ves- 
sels, and  in  the  spaces  left  empty  by  the  destruction  of  the 
nerve-fibres  and  axis  cylinders,  and  also  in  the  septa  of  the  neu- 
roo-lia.  This  extensive  distribution  of  these  cells  indicates  of 
itself  that  they  are  produced  in  different  ways ;  it  is,  in  fact, 
probable  that  some  of  them  are  formed  from  young  cellular  ele- 
ments which  have  taken  up  fat,  while  others  can  be  ascribed  to 
fatty  degeneration  of  the  glia  cells,  and  still  others  to  fatty  de- 
struction of  the  nerve-fibres  and  the  spindle-shaped  swellings  of 
the  axis-cylinders  (Hayem,  Th.  Simon). 

In  the  third  stage  we  find  in  the  affected  spot,  which  is  now 
engaged  in  an  effort  at  cicatrization,  a  sclerotic  connective  tissue 
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with  numerous  nuclei  and  neuroglia  cells.  At  this  period  Deiter' s 
cells  often  become  very  distinct  and  prominent ;  they  are  often 
large  and  possess  numerous  processes.  The  vessels  are  dilated, 
and  their  walls  thickened.  The  ganglion-cells  are  mostly  atro- 
phied. Sometimes  numerous  small,  delicate  nerve-fibres,  with 
thin  medullary  sheaths,  can  be  seen. 

Occasionally  cysts  are  found,  surrounded  by  a  more  or  less 
dense  layer  of  connective  tissue,  and  usually  also  traversed  by  a 
large-meshed,  connective  tissue  network.  Their  contents  are 
partly  muddy,  partly  serous  ;  microscopically,  nothing  can  as  a 
rule  be  discovered  in  the  fluid,  except  detritus. 

In  the  stage  of  transition  to  sclerosis  and  chronic  myelitis, 
the  increase  of  the  interstitial  tissue  becomes  particularly  dis- 
tinct. The  threads  of  the  reticulum  become  wider  and  thicker, 
the  spider-cells  are  enlarged  and  increased  in  number,  the 
vessels  are  thickened,  the  nerve-fibres  and  ganglion-cells  are 
involved  in  degenerative  atrophy.  The  tissue  contains  relatively 
few  fat-granule-cells,  but,  on  the  other  hand,  it  contains  large 
quantities  of  corpora  amylacea. 

When  secondary  degeneration  exists,  it  presents  the  usual 
well-known  histological  characters,  which  will  be  described  in 
detail  in  a  subsequent  chapter  (No.  19). 

A  priori,  the  usefulness  of  experimental  investigations  of  these  conditions  -would 
seem  self-evident.  Unfortunately,  however,  the  attempts  to  clear  up  the  subject  in 
this  way  have  been  but  few  in  number,  and  have  furnished  no  important,  or  at  all 
events  no  conclusive  results. 

Strange  to  say,  the  numberless  experimental  sections  of  the  spinal  cord  per- 
formed by  physiologists,  although  undoubtedly  on  every  occasion  followed  by 
traumatic  myelitis,  have  not  hitherto  been  utilized  to  any  extent  worth  mentioning, 
for  the  study  of  this  affection. 

Dujardiu-Beaumetz  describes  some  experiments  performed  by  Haycm  and  Liou- 
ville,  who  sought  to  excite  myelitis  by  applying  iodine  or  glycerine  to  the  outside 
of  the  cord,  or  by  injecting  them  into  its  substance  ;  also  some  experiments  under- 
taken by  himself  in  connection  with  Grancher,  in  which  mechanical  injuries  were 
employed  to  excite  the  inflammation.  The  results  of  these  experiments  arc,  how- 
ever, very  unsatisfactory.  .loffroy  made  some  similar  experiments  on  dogs,  and 
obtained  the  same  histological  changes  as  those  which  have  been  here  described  as 
l)clonging  to  tlie  acute  myelitis  of  men. 

The  investigations  of  Feinbcrg  and  also  those  of  Klemm,  who  endeavored  to 
produce  myelitis  in  a  reflex  manner  or  by  means  of  a  neuritis  migrans,  have  not 
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made  any  important  addition  to  our  knowledge  of  the  liistological  genesis  of  the 
myelitic  changes. 

A  somewhat  more  comprehensive  series  of  experiments  was  set  on  foot  by  Ley- 
den,  but  his  account  of  the  results  obtained,  which  was  publislied  in  his  "Kiinik 
der  Riickenmarkskrankheiten,"  is  only  fragmentary.  He  experimented  on  cats  and 
dogs,  and  employed  exclusively  injections  of  Fowler's  solution  into  the  cord,  tlie 
result  being  almost  always  a  suppurative  myelitis.  As,  however,  this  variety  of  the 
disease  is  exceedingly  rare  in  man,  the  experiments  are  not  of  much  value  for  the 
elucidation  of  the  subject  of  acute  myelitis  in  the  human  suVjject.  Moreover,  tlie 
reports  that  have  thus  far  been  published  by  Leyden,  contain  no  conclusive  in- 
formation concerning  the  manner  in  which  the  process  is  developed,  the  relation 
of  the  minute  histological  cliauges  to  each  other  in  point  of  time,  and  the  part 
taken  by  the  difEereiit  tissue-elements  in  the  process.  Still,  we  have  learned  many 
things  from  tliese  experiments.  They  have  proved,  for  instance,  that  an  injury  of 
the  sort  here  mentioned  can  produce  an  intense  myelitis,  which  may  extend  beyond 
the  point  of  irritation ;  that  the  process  presents  A'arying  degrees  of  intensity  in 
one  and  the  same  experiment ;  that  tlie  affection  diminishes  in  intensity  as  it  re- 
cedes from  the  point  of  irritation;  that  this  diminution  in  intensity  is  indicated 
on  the  one  hand,  by  a  tendency  to  localization  in  scattered,  circumscribed  spots, 
and  on  the  other,  by  a  preponderance  of  the  connective-tissue  growth  over  the 
softening,  liquefaction  and  suppuration;  that  multiplication  and  swelling  of  the 
nuclei  of  the  neuroglia,  swelling  of  the  nerve-fibres  and  axis-cylinders,  disappear- 
ance of  the  medullary  sheath  and  development  of  granule-cells,  must  be  regarded 
as  the  first  signs  of  a  commencing  acute  myelitis,  etc. 

In  tlie  latest  experiments  of  Hamilton  on  cats,  only  the  first  days  of  acute  trau- 
matic myelitis  are  taken  into  consideration.  He  found  among  other  things,  tliat 
rounded  bodies  separate  from  the  swollen  axis-cylinders  and  either  degenerate  into 
colloid  bodies,  or  give  rise  to  an  endogenous  brood  of  young  round  cells  (pus- 
cells).  He  also  observed  swelling  and  cloudiness  of  llie  ganglion-cells,  multiplica- 
tion of  the  nuclei  of  the  neuroglia,  collections  of  cells  in  the  walls  of  the  ves- 
sels, etc. 

It  is  certainly  desirable  and  even  necessary  that  these  experiments  should  be 
repeated  with  modifications,  tliat  myelitis  should  be  produced  in  other  ways,  so  as 
to  bring  the  results  more  in  accord  with  the  lesions  in  man,  and  to  furnish  a 
more  complete  periscope  of  the  process  in  its  different  modifications  and  its  various 
degrees  of  intensity. 

We  must  here  mention  briefly  some  special  forms  of  acute 
myelitis.  First  of  all,  we  will  speak  of  myelitis  centralis  acuta. 
In  tliis  form  the  softening  and  liquefaction  affects  pre-eminently 
the  gray  substance,  which  flows  out  when  the  cord  is  divided, 
leaving  a  cavity  behind.  The  spinal  cord  is  somewhat  swollen 
throughout  its  entire  extent,  and  on  section  the  transverse  mark- 
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ings  are  seen  to  be  greatly  blurred.  Hayem  describes  this  form 
in  the  following  words  :  diffuse  inflammjition  of  the  gray  sub- 
stance, more  or  less  diffuse  hypertemia  of  the  white  substance ; 
small,  band-shaped  foci  of  inflammation  in  the  latter ;  more  or 
less  intense,  meningitic  changes. 

When  this  form  possesses  a  hemorrhagic  charactei',  we  have 
the  myelitis  centralis  licemorrhagica,  which  Hayem  designates 
by  the  term  TicBinatomyelitis.  It  is  characterized  by  a  more  or 
less  abundant  extravasation  of  blood,  which  appears  either  in 
the  form  of  a  marked  hemorrhagic  softening,  affecting  chiefly  or 
exclusivel}'-  the  gray  substance,  or  in  the  form  of  hemorrhagic 
foci  of  varying  sizes,  which  may  extend  into  the  white  substance. 
The  tissue  in  the  neighborhood  of  these  foci,  both  above  and 
below,  is  in  a  state  of  myelitic  softening,  that  may  extend 
throughout  almost  the  entire  length  of  the  medulla. 

The  acute  myelitis  without  softening^  which  Dujardin-Beau- 
metz  terms  myelitis  hyperplastica,  also  deserves  special  mention. 
Its  essential  characteristic  is  an  increase  of  the  interstitial  tissue, 
which  becomes  unusually  dense  and  very  rich  in  nuclei.  The 
septa  are  wider  than  usual,  and  the  vessels  are  thickened  ;  there 
are  a  few  granular  cells.  The  consistence  of  the  cord  is  normal 
or  somewhat  increased.  This  form  seems  to  occur  principally  in 
small  spots  (Westphal's  myelitis  disseminata),  and  to  indicate  in 
general  a  slighter  degree  of  intensity  in  the  inflammatory  pro- 
cess. It  is  sometimes  observed  also  in  the  neighborhood  of  spots 
of  acute  softening.  It  should  probably  be  classed  rather  with 
the  subacute  forms,  which  constitute  an  intermediate  step  be- 
tween acute  and  chronic  myelitis. 

The  changes  in  the  other  organs  of  the  body,  in  acute  myelitis, 
require  only  a  brief  enumeration.  In-  the  peripheral  nerves  we 
find  in  many  cases — especially  in  central  myelitis — degenerative 
atrophy  in  its  different  stages  of  development.  In  the  muscles 
supplied  by  these  nerves,  we  find  also  the  characteristic  signs  of 
the  first  stages  of  the  same  process  (proliferation  of  the  nuclei, 
slight  atrojjliy  of  the  fibres,  etc.). 

The  mucous  membrane  of  the  urinary  bladder  is  in  many 

cases  swollen,  flecked  with  hemorrhages  and  in  a  state  of  catarrh ; 

in  the  severest  cases  it  is  infiltrated  with  diphtheritic  exudation 
VOL.  xin.— 20 
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and  presents  foul,  slougliy  ulcers.  Sometimes  similar  changes 
are  observed  in  the  ureter  extending  into  the  pelvis  oi:  the  kid- 
ney, and  in  not  a  few  cases  the  kidneys  have  been  found  filled 
with  metastatic  abscesses.  According  to  Hayem,  a  part  of  these 
originate  from  collections  of  vibriones. 

The  changes  characteristic  of  decubitus  acutus  in  its  different 
stages  of  development,  are  usually  observed  on  the  skin  covering 
the  sacrum  and  the  nates,  the  trochanters,  and  other  spots  ex- 
posed to  mechanical  pressure.    (Compare  Part  I.,  p.  121.) 

Other  pathologico-anatoraical  changes,  which  are  more  or  less 
accidental,  do  not  require  special  consideration  here. 

,J<WEST-R101NC  . 

'\UHGICAL  SOGlETtPathology  of  Acute  Myelitis. 

Symptoms. 

The  general  clinical  history  of  acute  myelitis  is  so  manifold 
and  changeable,  and  so  different  perhaps  in  each  individual  case, 
that  we  can  only  attempt  to  give  here  its  most  common  features. 
Later  on  these  will  be  filled  out  in  many  particulars  while  con- 
sidering the  symjjtoms  in  detail. 

Even  in  its  mode  of  commencement  the  disease  is  very  variable. 
Sometimes  it  is  preceded  by  general  malaise  and  slight  febrile 
movement,  while  in  a  few  cases  it  commences  with  a  chill,  which 
is  followed  by  the  usual  febrile  symptoms :  headache,  general 
depression,  dragging  pains  in  the  limbs,  loss  of  appetite,  etc. 
Frequently  the  scene  is  opened  at  once  by  spinal  symptoms. 
In  these  cases  the  symptoms  which  first  attract  the  attention  of 
the  patient  are  usually  disturbances  of  sensation :  parjEsthesiae, 
formication,  etc.,  in  the  extremities,  a  girdle-sensation  or  perhaps 
a  girdle-pain  at  the  level  of  the  seat  of  disease,  pain  in  the  back 
and  tenderness  over  certain  spinous  processes,  sometimes  pain- 
ful, dragging  sensations  in  the  bladder  and  rectum,  gastralgic 
pains  and  the  like.  These  are  sometimes,  but  not  always,  accom- 
panied by  motor  symptoms  of  irritation :  twitchings  of  certain 
muscles  or  groups  of  muscles,  violent  tremor,  partial  clonic 
spasms  and  in  some  special  cases  even  general  convulsions. 
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Sometimes  an  isolated  paralysis  of  tlie  bladder  is  the  first 
symptom. 

Very  soon,  however — sometimes  after  a  few  hours,  or  on  the 
next  day — the  characteristiG  paralytic  symptoms  make  their 
appearance.  Of  these,  the  motor  paralysis  is  the  first  to  appear ; 
it  is  more  or  less  complete  and  involves  a  variable  number  of 
muscles,  usually  taking  the  form  of  paraplegia,  but  not  unfre- 
quently  assuming  other  forms. 

Paralysis  of  tJie  spJitncters  usually  sets  in  soon  after  this. 
It  often  appears  very  early,  simultaneously  with  the  motor  para- 
lysis, but  in  some  cases  it  does  not  occur  until  long  afterwards. 
It  may,  however,  be  entirely  wanting. 

The  same  may  be  said  of  the  paralysis  of  sensation.  In  all 
severe  cases  it  sets  in  very  early  and  is  complete  ;  there  is  then 
usually  complete  anfesthesia  of  the  lower  half  of  the  body  up  to 
a  certain  height,  which  is  sometimes  marked  by  a  pretty  sharply 
defined  line.  In  milder  cases  the  anaesthesia  may  be  less  com- 
plete and  less  extensive,  and  finally  in  certain  forms  of  the  dis- 
ease (poliomyelitis  anterior),  it  is  entirely  wanting. 

The  reflex  excitability  varies  according  to  the  seat  of  the 
disease.  It  may  be  rapidly  and  completely  destroyed  in  the 
paralyzed  part,  or  it  may  gradually  diminish  as  the  disease 
progresses,  or  it  may  remain  normal,  or  finally  it  may  be  very 
considerably  increased,  occasionally  attaining  an  astonishing  de- 
gree of  intensity. 

For  most  cases  of  acute  myelitis  the  rapid  extension  of  the 
paralysis  through  the  cord  in  a  horizontal  direction,  the  com- 
plete paraplegia,  is  to  some  extent  characteristic;  not  less 
so  in  many  cases,  is  its  rapid  extension  in  a  vertical  direction, 
the  rapid  ascent  of  the  paralysis  towards  the  head,  the  acute 
ascending  paralysis.  These  peculiarities  depend  on  the  variety 
and  localization  of  the  disease  in  the  individual  cases.  In 
sharp  contrast  to  them,  there  are  others  in  which  the  paralysis 
attains  its  acme  in  the  very  commencement,  never  extending 
subsequently. 

In  almost  all  the  severe  cases,  vaso-motor  paralyses,  cystitis 
and  pyelonephritis,  and  extensive  bed  sores  which  are  often  acute, 
set  in  early.    All  these  complications  may,  however,  be  absent. 
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The  same  is  true  of  the  atrophy  of  the  paralyzed  muscles,  and 
of  the  loss  or  modification  of  their  electrical  excitability. 

The  subsequent  course  of  the  disease  varies  greatly  in  the  dif- 
ferent cases  and  forms : 

1.  It  may  be  rapidly  progressive  and  fatal.  In  this  case, 
after  a  few  days  of  continuous  fever  with  the  symptoms  of  an 
ascending  paralysis,  death  takes  place  from  a  rapidly  develop- 
ing asphyxia. 

2.  Or  the  disease  may  run  a  slower  and  less  molent  course ; 
the  fever  remains  moderate  or  disappears  entirely,  but  cystitis 
and  bed-sores  are  developed,  bringing  in  their  train  fever,  emaci- 
ation and  exhaustion,  and  the  patients  succumb  after  weeks  or 
months  of  suffering. 

3.  Or  the  acute  affection  may  be  transformed  into  clironic 
myelitis;  the  paralytic  symptoms  persist  with  slight  variations 
in  intensity,  until  at  some  later  period  a  slow  exacerbation  sets 
in,  and  the  affection  then  runs  the  usual  course  of  a  chronic 
myelitis. 

4.  Or  an  improvement  sets  in,  which,  however,  always  re- 
mains incomplete.  The  myelitic  process  ceases,  but  not  until  it 
has  irreparably  destroyed  a  certain  number  of  the  nervous  ele- 
ments of  the  cord,  as  a  result  of  which  a  more  or  less  extensive 
defect,  such  as  paralysis,  atrophy,  contracture,  anchylosis,  or  the 
like,  is  left  behind.  The  general  health,  however,  becomes  and 
remains  good,  and  the  disease  which  he  has  passed  through 
exerts  no  further  influence  on  the  length  of  the  patient's  life. 

5.  Or  finally — and  this  is  perhaps  the  rarest  termination  of  all 
— complete  recovery  takes  place.  Several  reported  cases  demon- 
strate that  this  favorable  termination  is  at  all  events  possible. 
A  rapid  improvement  sets  in,  and,  after  the  expiration  of  a 
longer  or  shorter  period,  all  the  bodily  functions  are  completely 
restored.    Convalescence  is  usually  somewhat  protracted. 

As  has  been  stated,  this  clinical  picture,  which  contains  only 
the  most  general  features  of  the  disease,  can  be  modified  in  many 
ways,  the  necessary  result  of  which  has  been  the  differentiation 
of  various  forms  of  acute  myelitis,  to  which  we  will  return  later. 
Before  doing  so,  however,  we  must  describe  somewhat  more 
closely  the  individual  symptoms. 
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Among  the  disturbances  of  sensation  the  symptoms  of  irri- 
tation^ in  consequence  of  the  complaints  of  the  patients,  usually 
assume  the  greatest  prominence.  In  a  few  rare  cases  they  are 
entirely  wanting,  or  are  so  slight  that  the  patients  do  not  speak 
of  them,  unless  closely  questioned  about  them.  Violent  shoot- 
ing pains  are  not  commonly  present  in  acute  myelitis,  a  point  of 
importance  in  the  differential  diagnosis  from  meningitis.  They 
do  occur,  it  is  true,  especially  in  the  initial  stage,  but  usually 
disappear  soon,  seldom  persisting  for  any  length  of  time.  They 
appear  sometimes  in  the  form  of  neuralgic  pains  surrounding  the 
trunk  like  a  girdle  at  a  variable  height,  sometimes  as  a  circular, 
hoop-like,  burning  sensation  in  the  skin,  or  they  may  consist  of 
dragging,  tearing,  boring  or  burning  sensations  in  the  limbs. 
Pressure  and  movement  do  not  usually  aggravate  these  pains  in 
the  extremities.  They  are  very  commonly  accompanied  by  pain 
in  the  back,  extending  over  a  more  or  less  extensive  area,  and 
also  by  tenderness  over  several  of  the  spinous  processes.  This 
can  sometimes  be  recognized  by  passing  hot  and  cold  sponges 
over  the  spine  of  the  back.  On  the  other  hand,  various  parses- 
thesijB  belong  to  the  more  constant  symptoms  of  the  disease. 
One  of  them  is  the  well-known  unpleasant  sensation  of  con- 
striction as  by  a  girdle,  which  is  experienced  not  only  on  the 
trunk,  but  also  in  the  extremities  and  Joints.  Feelings  of  ten- 
sion or  swelling,  and  of  cold  or  heat,  pricking  and  sticking  sen- 
sations, formication,  etc.,  are  experienced  over  more  or  less  ex- 
tensive cutaneous  areas,  particularly  in  the  lower  extremities. 
Gradually  the  feeling  of  numbness  and  furriness  and  the  loss 
of  sensation  become  more  and  more  prominent  as  the  anjesthe- 
sia  becomes  more  distinct.  True  hypersesthesia  is  rarely  pres- 
ent in  acute  myelitis,  and  when  it  is,  is  probably  due  usually 
to  a  complication  with  meningitis.  It  does,  however,  occur  also 
in  unilateral  circumscribed  myelitis,  on  the  same  side  as  the 
motor  paralysis.  Charcot  describes,  under  the  name  of  dysjes- 
thesia,  a  peculiar,  diffuse,  painful,  vibrating  sensation,  which 
is  produced  by  touching  any  circumscribed  spot  on  the  skin, 
and  may  extend  to  the  entire  extremity  and  even  to  both  lower 
extremities. 

The  symptoms  of  sensory  paralysis  are  not  usually  slow  in 
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making  their  appearance,  thougli  they  too  may  be  permanently 
absent.  The  antesthesia  may  be  more  or  less  extensive  and  com- 
plete ;  the  paralysis  of  sensation  is  sometimes  only  partial,  or 
there  may  be  merely  a  slowness  in  the  conduction  of  sensations. 
Severe  pains  are  not  unfrequently  complained  of  in  parts  that 
are  entirely  deprived  of  sensation — anaesthesia  dolorosa.  Iso- 
lated, jerking,  shooting  pains,  accompanied  by  spasmodic  twitch- 
ings  of  the  muscles,  are  very  common  in  the  paralyzed  parts. 

The  explanation  of  all  these  symptoms  is  undoubtedly  to  be 
sought  in  the  development  and  progress  of  the  inflammatory 
changes  in  the  spinal  cord.  The  initial  symptoms  of  irritation 
are  to  be  ascribed  to  the  inflammatory  and  hypersemic  irritation 
of  the  nerve-elements  in  the  gray  and  white  substances,  the  later 
symptoms  of  paralysis  to  the  destruction  of  these  elements  and 
their  compression  by  the  inflammatory  exudation.  The  girdle- 
sensations  depend  probably  on  the  involvement  of  the  posterior 
nerve-roots  in  the  inflamed  spot ;  the  parjesthesise  and  ana3sthe- 
sise  of  the  posterior  half  of  the  body,  on  the  involvement  of  the 
sensitive  tracks  situated  in  the  gray  substance  and  in  the  poste- 
rior white  columns.  Since  these  sensitive  tracks  lie  for  the  most 
part  within  the  gray  substance,  or  at  all  events  must  pass  through 
it  for  a  certain  distance,  it  is  easy  to  account  for  the  usually  in- 
tense and  complete  anaesthesia  in  acute  central  myelitis.  Fur- 
ther, the  well-grounded  assumption,  that  the  sensitive  tracks  run 
principally  or  exclusively  in  the  posterior  half  of  the  gray  sub- 
stance and  the  posterior  and  lateral  white  columns,  explains 
sufficiently  the  fact,  that  in  myelitis  involving  only  the  anterior 
portion  of  the  gray  substance  {e.  g.,  in  the  spinal  paralysis  of 
children),  disturbances  of  sensation  are  entirely  wanting.  In  the 
circumscribed,  disseminated,  and  peripheral  forms  of  myelitis, 
the  degree  of  the  disturbance  of  sensation  will  depend  solely 
on  the  extent  to  which  the  sensitive  tracks  are  involved  in  the 
pathological  changes  in  the  cord. 

The  motor  disturbances  also  present  irritative  and  paralytic 
stages.  To  the  former  belong,  in  the  first  place,  the  twitchings 
of  individual  muscles  or  of  entire  extremities,  which  often  occur 
in  the  initial  period,  and  the  spasmodic  contractions  of  the  mus- 
cles, which  sometimes  increase  to  a  condition  of  tetanic  rigidity  ; 
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also  the  convnlsive  movements  of  the  extremities,  and  finally 
the  initial  general  convulsions,  which  occur  almost  solely  in  chil- 
dren. Much  more  constant  and  more  important,  however,  are 
the  symptoms  of  motor  paralysis,  the  development  of  which  . 
stamps  the  clinical  picture  of  acute  myelitis  with  such  a  charac- 
teristic impress.  The  paralysis  may  be  developed  with  such 
enormous  rapidity,  that  we  speak  of  an  apoplectiform  myelitis. 
Cases  have  been  observed,  in  which  complete  paraplegia  was 
developed  during  one  night,  within  a  few  hours,  and  even  in  less 
than  an  hour.  It  is,  however,  only  in  the  hemorrhagic  form  of  , 
myelitis  that  the  paralysis  can  develop  fully  within  the  space  of 
a  few  minutes,  just  as  it  does  in  apoplexy  of  the  cord.  This 
rapid  development  is  the  rule  particularly  in  central  myelitis ; 
in  the  other  forms  of  the  disease,  a  longer  period  may  be  neces- 
sary for  the  production  of  the  paralysis.  In  such  cases  the  mus- 
cles are  always  perfectly  flaccid  ;  the  limbs  hang  or  lie  as  if  they 
were  dead,  and  when  raised  fall  like  the  limbs  of  a  corpse. 

Later  in  the  disease,  if  the  patient  survive,  the  symptoms  of 
irritation  may  again  make  their  appearance  in  the  affected  limbs. 
Isolated  spontaneous  twitchings  of  the  muscles  are  observed,  - 
which  are  often  accompanied  or  excited  by  severe  shooting  pains. 
A  state  of  muscular  tension,  or  spasmodic  tonic  contractions  of 
the  muscles  set  in,  which  are  excited  particularly  by  attempts  at 
voluntary  movement  or  by  irritation  of  the  sensitive  nerves. 
Finally,  severe  contractures  are  produced,  which  fix  the  legs  in 
an  extended  or  flexed  position,  and  are  frequently  rendered  more 
intense  by  attempts  at  active  or  passive  movements.  These 
symptoms,  however,  belong  more  to  the  later  periods  of  tlie  dis- 
ease, and  hence  are  more  constant  in  the  subacute  and  chronic 
forms. 

The  most  common  form  of  the  paralysis  is  paraplegia;  still 
hemiparaplegia,  paraplegia  cervicalis  and  isolated  paralyses  of 
particular  limbs,  as  well  as  complete  paralysis  of  all  four  extremi- 
ties along  with  the  trunk,  also  occur.  This  depends,  of  course, 
entirely  upon  the  seat  and  extent  of  the  disease. 

The  pathogenesis  of  all  these  motor  disturbances  is  not  by 
any  means  perfectly  clear  as  yet.  There  can  be  no  doubt,  it  is 
true,  that  they  must  be  due  to  changes  in  the  motor  nerve-tracks 
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in  tlie  spinal  cord,  but  we  are  nnable  to  decide  positively  in 
every  case,  whether  they  are  due  to  lesions  of  the  anterior  roots, 
or  of  the  nerve-tracks  in  the  gray  substance  or  in  the  lateral 
columns,  or  to  simple  reflex  processes.  The  arguments  that  are 
advanced  in  support  of  each  of  these  suppositions  have  already 
been  detailed  while  speaking  of  the  general  disturbances  of  mo- 
tility (see  Part  I.,  pp.  79  and  97),  and  to  avoid  repetition  we  may 
refer  the  reader  to  that  chapter.  It  is  consequently  in  regard  to 
the  localization  of  the  morbid  process,  that  the  explanation 
meets  with  the  greatest  difficulties,  for  it  is  a  self-evident  fact 
tliat  the  inflammatory  changes  in  the  cord  must  be  capable  of 
producing  irritative  as  well  as  paralytic  phenomena  in  the  motor 
paths. 

The  disturbances  of  reflex  action  are  especially  valuable  for 
the  interpretation  and  localization  of  the  lesion  in  many  cases 
of  acute  myelitis.  The  state  of  the  reflex  activity,  both  of  the 
skin  and  the  muscles,  may  vary  greatly ;  it  may  be  diminished 
and  even  destroyed,  or  it  may  be  considerably  increased.  In 
a  portion  of  the  cases  it  is  abolished  very  soon,  immediately 
after  the  development  of  the  paralysis,  and  reflex  actions  can 
no  longer  be  excited  even  by  severe  irritants ;  sometimes  it  is 
not  entirely  abolished,  but  a  longer  time  is  required  for  the 
production  of  the  movements ;  in  other  cases  it  undergoes  a 
very  considerable  increase,  so  that  even  very  slight  irritations 
call  forth  the  most  active,  reflex  muscular  twitcliings,  which 
may  increase  to  a  persistent,  convulsive  jerking  of  the  para- 
lyzed part ;  or,  in  still  other  cases,  it  remains  unaltered  or  is 
slightly  increased  for  a  time,  and  then  begins  to  diminish  and 
gradually  becomes  weaker,  finally  disappearing  entirely.  What- 
ever the  condition  may  be,  it  furnishes  a  valuable  indication 
of  the  state  of  the  gray  substance,  for  it  is  this  portion  of  the 
cord  which  determines  principally  the  state  of  the  reflex  activity. 
The  more  intact  the  gray  substance  remains,  the  more  confl- 
dently  can  we  look  for  a  continuance  of  the  reflex  actions. 
When  a  portion  of  the  gray  substance,  itself  intact,  is  sepa- 
rated from  its  connection  with  the  brain  by  a  more  centrally 
situated  myelitis  {e.  g.^  the  gray  substance  in  the  lumbar  portion 
of  the  cord  by  a  myelitis  located  in  the  dorsal  region),  the  re- 
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flexes  are  increased  ;  hence  tlie  exaltation  of  the  reflex  excita- 
bility so  commonly  observed  in  myelitis  transversa  dorsalis. 
When  the  gray  substance  is  destroyed  by  the  disease  the  re- 
flexes are  abolished  ;  hence  their  disappearance  in  myelitis  of 
the  lumbar  enlargement,  and  more  especially  in  diffuse  central 
myelitis,  in  which  all  reflex  action  is  usually  abolished  from  the 
very  commencement.  When  this  destruction  of  the  gray  sub- 
stance is  secondary  and  effected  at  a  later  period  of  the  disease 
by  the  extension  of  the  inflammation  downwards,  the  reflex  ^ 
activity  may  be  at  first  normal  or  even  increased,  but  will  sub- 
sequently become  weaker  and  gradually  disappear. 

Hence,  we  shall  be  able  in  many  cases  to  draw  from  the  con- 
dition of  the  reflex  excitability  important  and  relatively  sure 
conclusions,  with  regard  to  the  localization  of  the  myelitis  in  the 
gray  substance.  We  must  bear  in  mind,  however,  that  the  reflex 
actions  can  also  be  modified  by  changes  in  the  anterior  roots,  and 
that,  moreover,  the  lateral  columns  probably  exert  an  important 
influence  on  them — facts  which  warn  us  not  to  make  these  con- 
clusions too  positive. 

The  spJiincters  are  very  frequently  involved.  Vesical  paral-  . 
ysis  is  not  unfrequently  one  of  the  earliest,  and  sometimes  even 
one  of  the  prodromal  symptoms  of  acute  myelitis.  In  severe 
cases  there  is  usually  complete  retention  of  the  urine,  which 
must  be  evacuated  by  the  catheter  during  the  entire  course  of 
the  disease.  In  other  cases  there  is  merely  incontinence  of  urine, 
or  this  is  the  most  constant  symptom  on  the  part  of  the  bladder. 
In  a  word,  any  of  those  disturbances  which  we  have  described 
and  attempted  to  explain  in  Part  I.,  p.  132,  may  be  observed. 
Sometimes  the  symptoms  in  the  beginning  of  the  disease  are 
more  those  of  irritation,  spasmodic  closure  of  the  sphincter  with 
increased  desire  to  make  water. 

The  sphincter  ani  behaves  in  a  similar  manner ;  here,  too,  the 
most  constant  symptoms  are  those  of  paralysis.  The  explana- 
tion of  all  these  symptoms  on  the  part  of  the  sphincters  is  to  be 
found  in  the  localization  of  the  myelitis  ;  for  further  particulars 
we  may  refer  to  what  has  been  said  on  this  subject  in  the  gen- 
eral part. 

Priapism  is  not  an  uncommon  symptom  in  acute  myelitis. 
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Generally  the  erection  of  the  penis  is  incomplete,  but  it  often 
persists  for  days,  with  slight  variations  in  degree.  It  must  be 
regarded  as  essentially  a  sign  of  irritation,  produced  either  by 
irritation  of  the  nerve- tracks  passing  from  the  brain  to  the  lum- 
bar portion  of  the  cord  (Comp.  p.  313),  or  by  reflex  excitations 
proceeding  from  the  bladder,  skin,  etc. 

The  vaso-motor  disturbances  in  acute  myelitis  have  not  yet 
been  sufficiently  studied.  Engelken  found  in  one  case  a  rise  in 
the  temperature  of  the  paralyzed  part,  but  most  authors  sjDeak 
of  the  extremities  as  being  cold.  Diffuse  oedema  of  the  paraple- 
gic lower  limbs  has  sometimes  been  observed.  The  perspiration 
is  sometimes  increased,  sometimes  diminished  in  quantity.  As 
recent  physiological  investigations  have  demonstrated  that  the 
vaso-motor  innervation  is  of  a  complicated  nature,  we  must  wait 
for  more  exact  observations  before  an  explanation  of  these  dis- 
turbances can  be  attempted. 

This  applies  with  even  more  force  to  the  iropMc  disturbances, 
which  follow  in  the  train  of  acute  myelitis.  They  are  most  dis- 
tinct in  the  skin,  the  most  striking  of  them  being  the  decubitus 
acutus,'  which  is  developed  regularly  and  early  in  the  severer 
forms  of  myelitis,  and  occasions  great  danger  to  life.  It  appears 
in  the  well-known  form  of  gangrenous  inflammation  of  the  skin 
over  the  sacrum,  trochanters,  etc.,  usually  progresses  rapidly, 
and  proves  fatal  by  septic  fever.  When  the  lesion  in  the  cord 
is  unilateral,  the  decubitus  is  situated  on  the  opposite  side  of 
the  body.  It  may  make  its  appearance  as  early  as  from  the  sec- 
ond to  the  fifth  day  of  the  disease.  For  its  pathogenesis  we  may 
refer  to  the  remarks  made  in  Part  I.,  p.  123. 

There  is  not  always  time  for  the  development  of  trophic 
disturbances  in  the  nerves  and  muscles ;  still,  even  in  rapidly 
fatal  cases  of  central  m3^elitis,  the  first  traces  of  the  degenera- 
tive atrophy  have  been  discovered  in  the  muscles  and  nerves. 
When  the  disease  has  been  of  somewhat  longer  duration,  the 
atrophy  of  the  muscles  is  not  unfrequently  very  marked.  There 


'  Translator's  Note. — The  Germans  use  the  term  decubitus  to  designate  bed- 
sores, and  for  the  sake  of  convenience  it  has  been  deemed  advisable  to  retain  it  in  the 
translation. 
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seems  to  be  no  question  tliat  tliese  disturbances  in  tlie  nutrition 
of  the  muscles  are  directly  dependent  on  the  condition  of  the 
gray  substance.  Every  marked  disturbance  of  nutrition  in  the 
gray  substance  leads  to  rapid  atrophy  of  the  muscles,  and  the 
study  of  particular  forms  of  acute  myelitis  (spinal  paralysis  of 
children)  has  demonstrated  very  positively  that  this  influence 
on  the  nutrition  of  the  muscles  is  exerted  especially  by  disease 
of  the  anterior  horns.  Hence,  wherever  a  considerable  and  rap- 
idly developed  atrophy  of  the  muscles  exists,  we  must  assume 
an  inflammation  of  the  gray  matter. 

The  state  of  the  electric  excitdbility  is  of  great  value  for  the 
recognition  of  this  degenerative  atrophy.  Whenever  rapid  mus- 
cular atrophy  sets  in,  or  in  other  words  in  severe  affections  of 
the  gray  substance,  a  loss  of  the  faradic  irritability  of  the  nerves 
and  muscles  is  also  observed ;  and,  unless  greatly  deceived,  we 
may  look  for  the  development  of  the  reaction  of  degeneration 
(Entartungsreaction)  in  all  such  cases.  Death,  it  is  true,  often 
occurs  so  rapidly,  as  to  leave  no  time  for  its  complete  develop- 
ment. In  the  more  subacute  cases,  however,  we  shall  frequently 
be  able  to  demonstrate  this  reaction  of  degeneration,  and  in  the 
forms  of  acute  myelitis  in  which  the  changes  are  confined  to  the 
anterior  horns  of  the  gray  matter,  it  is  one  of  the  most  constant 
phenomena.  On  the  other  hand,  there  are  cases  of  acute  mye- 
litis in  which  there  is  absolutely  no  change  in  the  electric  irri- 
tability, and  others  in  which  only  slight  quantitative  changes 
in  the  same,  slight  increase  or  diminution,  can  be  demonstrated. 
The  conclusion,  that  in  such  cases  the  corresponding  portions  of 
the  gray  substance  have  remained  intact,  cannot  be  questioned. 

Marked  alterations  in  tlie  urinary  excretion  occur  with  strik- 
ing rapidity  in  severe  cases  of  acute  myelitis.  After  a  very  few 
days  (two  to  eight),  the  urine  is  alkaline  and  not  unfrequently 
bloody  ;  a  muco-purulent  deposit,  numerous  triple-phospliate 
crystals,  etc.,  form  very  rapidly.  It  is  not  improbable,  though 
by  no  means  proven,  that  these  alterations  are  directly  dependent 
on  the  acute  spinal  affection,  and  not  merely  the  result  of  the 
retention  of  urine  caused  by  the  paralysis  of  the  bladder. 

Cerebral  phenomena  are  not  regularly  or  even  frequently 
present  in  acute  myelitis.    Still  they  are  not  exactly  rare  in  the 
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commencement  of  some  particular  forms  (poliomyelitis  anterior), 
thougli  they  usually  last  only  a  short  time.  In  children  espe- 
cially, we  observe  in  such  cases  headache,  delirium,  and  general 
convulsions.  It  is  scarcely  possible  to  determine,  however,  what 
part  in  the  production  of  the  last-named  symptom  is  played  by 
the  great  irritability  of  the  central  nervous  system  of  the  child, 
and  what  part  by  the  disease  of  the  spinal  cord. 

The  headache,  delirium,  etc. ,  in  acute  myelitis  may  also  occa- 
sionally be  due  to  the  fever,  or  to  a  complicating  septicaemia  or 
uraemia. 

Graver  cerebral  symptoms  make  their  appearance,  when  a 
process  analogous  to  that  in  the  cord  is  established  in  the  brain, 
where  it  produces  its  characteristic  local  manifestations. 

Oculo-pupillar  symptoms  are  sometimes  developed  in  cervical 
myelitis.  Speaking  and  swallowing  may  also  be  interfered  with, 
when  the  disease  involves  the  medulla  oblongata. 

The  disorders  of  the  optic  nerve,  of  the  nerves  supplying  the 
muscles  of  the  eye  and  of  other  cerebral  nerves,  which  play  a 
very  prominent  role  in  the  clinical  histories  of  many  cases  of 
chronic  myelitis,  are  unknown  in  acute  myelitis. 

On  the  part  of  the  digestme  organs,  the  most  constant  symp- 
tom is  great  obstipation,  for  the  relief  of  which  the  most  energe- 
tic remedies  are  often  required.  It  is  probably  due  to  paralysis 
of  the  muscular  coat  of  the  intestines.  Later  on  this  may  lead 
to  great  meteorismus,  which  may  become  so  excessive  as  to  be 
dangerous  to  life.  In  the  commencement  of  the  disease  violent 
paroxysms  of  cardialgic  pain  are  sometimes  observed ;  their 
pathogenesis  is  undoubtedly  the  same  as  that  of  the  girdle- 
pains. 

Little  is  known  concerning  the  behavior  of  the  circulatory 
organs.  The  pulse  is  usually  increased  in  frequency.  When 
the  myelitis  extends  to  the  cervical  portion  of  the  cord,  the  in- 
crease in  the  frequency  of  the  pulse  may  be  very  great,  and 
finally  a  state  of  pronounced  cardiac  weakness  is  produced. 
Many  patients  suffer  much  from  palpitation  or  irregularity  in  the 
action  of  the  heart,  which  is  accompanied  by  unpleasant,  twitch- 
ing sensations  in  the  cardiac  region. 

The  disturbances  of  the  respiration  are  better  understood  and 
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more  important.  When  tlie  myelitis  is  primarily  located  in,  or 
lias  extended  to,  the  cervical  region  of  the  cord,  they  occupy  the 
foreground  in  the  clinical  picture,  and  occasion  immediate  danger 
to  life.  In  cases  of  ascending  central  myelitis,  the  gradual  en- 
croachment on  the  respiratory  movements,  terminating  finally  in 
complete  paralysis,  can  be  followed  with  great  facility.  First  of 
all,  the  abdominal  muscles  are  paralyzed,  and  expiration  and 
expectoration  are  impeded.  Next  in  order,  the  intercostales 
and  the  muscles  of  the  trunk  are  affected ;  as  a  result  inspira- 
tion is  interfered  with,  and  the  patients  breathe  only  with  the 
diaphragm.  When  this  last-named  muscle  is  also  involved  in 
the  paralysis,  the  dyspnoea  becomes  very  intense,  inspiration 
being  carried  on  only  by  means  of  increased  activity  of  the  cer- 
vical muscles,  and  death  by  asphyxia  very  soon  occurs  in  con- 
sequence of  paralysis  of  the  respiratory  centres.  In  this  way  the 
fatal  termination  can  be  brought  about  with  very  great  rapidity 
in  severe  cases,  death  often  occurring  in  an  acute  attack  of  dys- 
pnoea. Other  cases,  however,  are  more  protracted,  and  the  pa- 
ralysis is  then  usually  complicated  by  pulmonary  hypostasis. 
The  pathogenesis  of  the  respiratory  disturbances  requires  no 
special  elucidation. 

The  general  Tiealth  is  greatly  impaired  in  almost  all  cases. 
In  exceptional  instances  the  appetite  is  not  affected  and  the  pa- 
tients sleep  well,  and  the  nutrition  of  the  body  consequently  re- 
mains tolerably  good.  Usually,  however,  the  fever,  the  psychi- 
cal depression,  the  commencing  cystitis  and  the  decubitus  occa- 
sion sleeplessness  and  loss  of  appetite  which  are  soon  followed 
by  marked  disturbance  of  nutrition,  great  emaciation  and  finally 
exhaustion. 

In  the  commencement  of  acute  myelitis, is  present  only 
in  a  small  number  of  cases.  In  these  cases,  however,  it  may  at 
once  become  very  high,  and  it  may  remain  persistently  high 
throughout  the  entire  course  of  the  disease.  Sometimes  it  occurs 
in  isolated,  sharp  attacks,  and  an  excessive  rise  of  temperature 
is  not  infrequently  observed  immediately  before  death.  In  other 
cases  the  fever  is  slight,  never  attains  a  high  grade,  and  may  even 
disappear  entirely  during  tlie  subsequent  course  of  the  disease. 
To 'sum  up,  the  fever  in  acute  myelitis  is  in  no  respect  charac- 
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teristic.  As  might  be  expected,  the  cystitis,  pyelonephritis,  de- 
cubitus and  septic  infection  very  frequently  give  rise  in  the  later 
stages  of  the  disease  to  a  symptomatic  fever,  which  exhausts  the 
strength  of  the  patients. 

Course,  Duration,  Terminations. 

With  regard  to  the  course  of  the  disease  but  little  can  be  said 
that  w^ill  be  generally  applicable,  on  account  of  the  great  diver- 
gences presented  by  the  individual  cases.  This  fact  is  suffi- 
ciently evident  from  what  has  already  been  said,  and  it  will  be 
rendered  still  more  apparent,  when  we  come  to  speak  of  the  dif- 
ferent forms  of  the  disease. 

The  abrupt  commencement  of  the  disease  in  almost  all  of  the 
cases,  and  the  speedy  development  of  the  symptoms  up  to  a  cer- 
tain point,  are  to  some  extent  characteristic  of  acute  myelitis.  It 
is  the  rapid  development  of  the  paralytic  phenomena,  rather  than 
the  presence  and  the  degree  of  the  fever,  which  usually  leads  us 
to  characterize  a  myelitis  as  "acute."  It  is  not  exactly  neces- 
sary for  the  paralysis  to  be  developed  within  a  few  hours,  in 
order  to  justify  the  employment  of  the  term  "acute,"  but  it 
must  at  all  events  make  its  appearance  within  a  few  days  (about 
one  to  ten).  Cases  which  run  a  slower  course  may  be  classed  as 
subacute,  but  no  sharp  line  of  demarcation  can  be  drawn  between 
the  two  forms. 

In  not  a  few  cases  the  commencement  of  the  disease  is  exceed- 
ingly abrupt.  The  paralysis  may  develop  in  an  apoplectiform 
manner,  almost  without  premonitory  symptoms,  and  it  may 
attain  considerable  intensity  in  an  hour  or  even  less.  Often,  pa- 
tients aAvake  in  the  morning  with  complete  paraplegia,  who  had 
retired  to  bed  on  the  preceding  evening  feeling  scarcely  at  all 
unwell  (myelitis  apoplectica).  Usually,  however,  there  is  a  pro- 
dromal stage  of  variable  length,  and  after  the  paralysis  has  com- 
menced, hours  or  days  elapse  before  it  develops  into  pronounced 
paraplegia.  In  some  cases,  which  must  also  be  classed  as  acute 
myelitis,  a  number  of  days  elapse  before  this  point  is  reached. 
Sometimes  the  development  of  the  disease,  instead  of  being  con- 
tinuous, is  interrupted  by  successive  pauses. 
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Once  begun,  the  subsequent  course  oC  tlie  disease  is  also  vari- 
able. In  the  most  violent  and  rapid  cases  (myelitis  centralis, 
hsematomyelitis,  etc.)  the  paralysis  rapidly  ascends,  symptoms 
of  aspliyxia  appear,  and  death  takes  place  in  a  few  days  ;  or  the 
fatal  termination  is  brought  about  by  the  violent  fever  and  septi- 
caemia caused  by  the  acute  cystitis  and  decubitus,  and  occurs 
after  a  somewhat  longer  period,  at  most  after  a  few  weelcs. 

In  the  less  severe  cases,  particularly  when  the  entire  lumbar 
enlargement  with  or  without  the  dorsal  portion  of  the  cord,  is 
affected,  the  course  is  somewhat  slower.  There  is  complete  para- 
plegia with  paralysis  of  the  bladder ;  cystitis  is  gradually  devel- 
oped, followed  by  decubitus,  fever,  cachexia  and  exhaustion,  and 
the  patient  succumbs  after  several  weeks  or  months. 

In  still  other  cases  the  transition  to  chronic  myelitis  is  effec- 
tuated. There  is  then  usually  complete  paralysis  of  motion,  with 
incomplete  paralysis  of  sensation  and  paralysis  of  the  bladder. 
The  symptoms  remain  stationary  for  months  and  years,  or  pre- 
sent slight  oscillations,  being  at  one  time  better  and  at  another 
worse.  Cystitis  and  decubitus  may  develop  after  the  disease  has 
persisted  for  a  variable  time,  but  they  never  become  very  severe, 
and  are  susceptible  of  being  at  least  partly  cured.  Death  finally 
results  from  exhaustion  or  from  some  intercurrent  disease. 

In  other  cases,  again,  the  disease  ceases,  leaving  only  a  few 
unimportant  and  harmless  traces  of  its  passage.  The  disorders 
of  sensation  and  of  the  bladder,  and  the  trophic  disorders  of  the 
skin  are  usually  entirely  wanting  in  these  cases.  The  general 
health  is  soon  completely  restored.  The  only  traces  left  by  the 
disease  are  paralysis  and  atrophy  of  one  or  more  muscular 
groups  with  their  consequences,  the  patients  feeling  in  all  other 
respects  perfectly  well.  The  duration  of  life  is  not  affected  in 
any  way  by  the  myelitis.  This  is  the  termination  in  imperfect 
recovery. 

Finally,  com.plete  recovery  takes  place  in  some  very  rare  cases. 
In  consequence  of  the  lack  of  autopsies,  however,  it  will  always 
be  possible  for  sceptics  to  question  the  correctness  of  the  diagno- 
sis in  these  cases.  This  complete  recovery  probably  takes  place 
only  in  the  milder  forms  of  myelitis,  though  these  are  not  unfre- 
quently  quite  diffuse.    This  termination  usually  sets  in  early. 
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After  the  symptoms  of  paralysis,  tlie  fever,  etc.,  have  persisted 
for  one  or  two  weeks,  they  undergo  a  slow  and  gradual  retro- 
gression, and  after  the  expiration  of  a  few  weeks  all  the  func- 
tions of  the  body  are  completel}''  restored.  Convalescence  is, 
however,  almost  always  very  protracted.  Medical  literature  con- 
tains a  number  of  reported  cases  which  demonstrate  pretty  posi- 
tively the  possibility  of  this  termination. 

It  still  remains  for  us  to  point  out  briefly  the  characteristics 
of  the  different  forms  of  acute  myelitis^  as  they  most  frequently 
come  under  observation. 

The  traumatic  myelitis,  which  develops  after  severe  injuries  of 
the  cord,  can  be  regarded  as  the  type  of  acute  myelitis  trans- 
'oersa.  It  is  most  frequently  located  in  the  dorsal  region  of  the 
cord.  Its  principal  symptoms  are :  girdle-sensation  and  girdle- 
pain,  complete  paraplegia,  anjesthesia,  paralysis  of  the  bladder, 
preservation  and  increase  of  the  reflex  excitabilit}'',  absence  of 
muscular  atrophy,  retention  of  electric  irritability;  in  the  later 
stages,  symptoms  of  motor  irritation,  contractures,  etc. ;  also  cys- 
titis and  decubitus.  The  persistence  of  the  reflex  excitability  is 
particularly  important. 

Acute  myelitis  centralis,  as  described  especially  by  Dujardin- 
Beaumetz  and  Hayem,  includes  the  cases  which  run  the  most 
rapid  course.  The  commencement  is  usually  abrupt  and  at- 
tended by  disturbances  of  sensation ;  complete  anaesthesia  and 
paralysis  of  the  lower  half  of  the  body  with  entire  relaxation 
of  the  joints,  are  developed  very  rapidly,  often  in  the  course  of  a 
few  hours  or  during  a  night ;  paralysis  of  the  bladder  and  rec- 
tum. The  extinction  of  all  reflex  excitability  and  the  early  com- 
mencement of  progressive  muscular  atrophy,  with  loss  of  faradic 
irritability,  are  specially  important.  Later  on,  decubitus  acutus, 
alterations  in  the  urine,  often  oedema  of  the  paraplegic  limbs 
and  neuropathic  articular  affections,  more  or  less  intense  fever, 
progressive  advance  of  the  paralysis  upwards,  early  death  by  as- 
phyxia. 

The  hemorrhagic  form  of  myelitis  centralis,  or  licBmatomyelitis 
(Hayem),  does  not  differ  essentially  from  the  simple  form  in  the 
commencement.  It  runs  the  same  rapid  course,  but  the  very  ab- 
rupt appearance  of  the  paralysis,  which  becomes  complete  in  the 
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course  of  a  few  minutes,  or  at  most  of  an  hour  or  a  little  more, 
marks  the  occurrence  of  hemorrhages.  The  more  rapid  the  de- 
velopment of  the  paralysis,  the  more  predominant  is  the  hemor- 
rhagic element  in  the  process.  In  other  respects  the  course  is 
the  same  as  in  the  simple  form. 

Hemorrhagic  myelitis  can  only  be  distinguished  from  simple, 
idiopathic  hemorrhage  into  the  substance  of  the  cord,  in  those 
cases  in  which  the  hemorrhage  is  preceded  by  pronounced  symp- 
toms of  an  acute  myelitis ;  pains,  parjesthesise,  girdle-sensation, 
vesical  weakness,  muscular  twitchings,  commencing  paresis,  fever, 
etc.    (Compare  p.  291.) 

The  so-called  poliomyelitis  anterior  acuta  (Kussmaul),  the 
spinal  paralysis  of  children,  which  occurs  in  isolated,  circum- 
scribed spots  in  the  anterior  horns  of  the  gray  matter,  is  clini- 
cally a  sharply  characterized  form  of  acute  myelitis.  Acute 
febrile  commencement,  often  with  headache,  delirium  and  con- 
vulsions ;  rapid  development — in  a  few  hours  or  days — of  motor 
paralysis,  which  varies  in  area  in  different  cases,  but  attains  its 
maximum  of  extension  in  the  very  beginning  ;  no  disturbances  of 
sensation,  no  paralysis  of  the  sphincters,  no  decubitus ;  on  the 
other  hand,  rapidly  progressive  muscular  atrophy,  with  the  re- 
action of  degeneration ;  eventually,  atrophy  and  impairment  of 
the  growth  of  the  bones,  deformities  of  the  joints,  etc.  Com- 
plete restoration  of  the  general  health,  early  improvement  of  the 
paralysis  up  to  a  certain  point,  a  number  of  the  muscles,  how- 
ever, almost  always  remaining  atrophied  and  paralyzed,  causing 
permanent  defonnities.    (Compare  Section  No.  15.) 

In  myelitis  disseminata,  as  described  by  Westphal,  the  clini- 
cal picture  is  naturally  not  so  characteristic.  It  ordinarily  causes 
paraplegia,  sometimes  with  spastic  symptoms,  usually  with 
paralysis  of  the  bladder.  The  state  of  the  sensibility  is  variable ; 
it  is  sometimes  more,  sometimes  less  impaired.  The  same  state- 
ment holds  true  of  the  reflex  and  alsaof  the  electric  excitability. 
Sometimes  the  existence  of  several  centres  of  disease  can  be  recog- 
nized from  the  grouping  of  the  symptoms,  the  exacerbations,  etc. 
The  development  of  the  symptoms  after  acute  diseases,  especially 
variola,  or  in  phthisical  patients,  etc.,  might  direct  suspicion  to 
this  form  of  the  affection. 
VOL.  xin.-37 
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Acute  myelitis  is  very  frequently  complicated  with  meningitis, 
myelomeningitis  acuta.  The  addition  of  meningitic  changes  to 
the  myelitic  affection,  although  unquestionably  very  common,  is 
not  specially  important,  since  the  severity  and  dangerousness  of 
the  disease  is  not  essentially  modified  thereby.  The  develop- 
ment of  myelitis  as  a  complication  of  acute  meningitis  is  a  more 
serious  affair.  We  have  already,  in  another  place  (p.  226), 
spoken  of  this  condition  of  affairs,  and  endeavored  to  form  an 
estimate  of  its  influence  on  the  symptomatology  of  acute  spinal 
meningitis ;  this  influence  is,  at  all  events,  greater  than  has 
been  hitherto  supposed.  Finally,  the  two  inflammatory  pro- 
cesses can  set  in  simultaneously,  so  that  neither  one  of  them  is 
dependent  on  or  secondary  to  the  other.  Under  all  these  condi- 
tions, the  meningitic  symptoms  usually  assume  the  most  promi- 
nent role  in  the  subjective  complaints  of  the  patients,  while  the 
myelitic  symptoms  are  the  most  striking  in  the  objective  exami- 
nation. In  such  cases  the  phenomena  which  speak  for  menin- 
gitis are  chiefly  the  pain  and  stiffness  in  the  back,  the  cervical 
rigidity,  the  pronounced  hypersesthesia,  the  diffused  pains,  etc., 
while  the  contractures,  the  severe  paralytic  symptoms,  the  paraly- 
sis of  the  sphincters,  the  augmented  reflex  activity,  etc.,  must  be 
placed  more  to  the  account  of  the  myelitis.  More  exact  obser- 
vations and  investigations  are,  however,  necessary  for  the  clearer 
differentiation  of  the  two  processes. 

Diagnosis. 

In  the  matter  of  diagnosis,  acute  myelitis  resembles  many 
other  affections  of  the  spinal  cord ;  the  typical  cases  are  easily 
recognized,  while  on  the  other  hand,  the  less  pronounced,  the 
complicated  and  the  uncommon  cases  are  difficult  to  unravel. 

It  is  easy  to  gather  from  the  preceding  description,  what  the 
characteristic  symptoms  are,  from  which  an  acute  myelitis  can  be 
easily  diagnosticated ;  acute  commencement  with  more  or  less 
marked  signs  of  sensitive  and  motor  irritation,  very  rapid  develop- 
ment of  complete  paralysis,  vesical  paralysis,  bed-sores,  etc. 
When  fever  is  also  present,  and  the  etiological  conditions  are 
known,  the  diagnosis  is  «asy. 
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There  are  several  other  diseases  with  which  it  may  possibly 
be  confounded.  First  of  all  wo  must  mention  paralysis  ascen- 
dens  acuta  (see  farther  on,  No.  17),  which  resembles  diffuse 
central  myelitis  in  particular  so  closely,  that  it  is  often  scarcely 
possible  to  determine  to  which  of  the  two  diseases  the  case  in 
question  belongs.  The  results  of  recent  investigations  (West- 
phal)  have  gradually  forced  us  to  the  conclusion,  that  pal-alysis 
ascendens  acuta  is  a  special  form  of  disease,  entirely  distinct 
from  myelitis.  The  diagnostic  points,  which  speak  rather  for 
acute  ascending  paralysis,  are  the  following ;  absence  of  con- 
vulsive movements  at  the  outset  of  the  affection,  absence  of  tro- 
phic disturbances,  a  slight  degree  of  encroachment  on  sensation 
and  preservation  of  electric  irritability.  In  many. cases,  how- 
ever, the  positive  diagnosis  can  only  be  made  with  the  help  of 
the  autopsy. 

The  difficulty  of  distinguishing  acute  myelitis  from  menin- 
gitis acuta  is  often  very  great,  in  consequence  of  the  frequent 
combination  of  the  two  diseases.  The  following  symptoms  speak 
for  meningitis :  high  fever,  severe  pain,  dorsal  and  cervical  rigid- 
ity, contractures,  slight  symptoms  of  paralysis,  especially  on 
the  part  of  the  sphincters,  absence  of  severe  trophic  disturb- 
ances, pronounced  hypersesthesia,  etc.    (Compare  also  p.  245.) 

The  differentiation  of  hcBmatomyelia,  or  simple  hemorrhage 
into  the  spinal  cord,  from  central  myelitis,  and  particularly  from 
the  hemorrhagic  form  of  that  affection,  is  often  uncommonly  dif- 
ficult. The  diagnostic  points  are :  the  tery  abrupt  development 
of  the  paralysis  without  fever  or  prodroma,  the  stationary  char- 
acter of  the  paralysis,  etc.  This  question  has  already  been  fully 
discussed  in  another  place  (p.  303). 

The  differentiation  of  myelitis  from  liCBmatorrliaclds,  or  hem- 
orrhage into  the  meninges  of  the  cord,  is,  as  a  rule,  easier.  The 
very  abrupt  development  of  the  affection  without  premonitory 
symptoms  or  fever,  the  symptoms  of  severe  meningeal  irritation, 
the  violent  pains,  the  dorsal  rigidity,  the  relatively  moderate 
grade  of  the  paralytic  phenomena,  and  particularly  the  slight 
intensity  of  the  anesthesia,  usually  characterize  haematorrhachis 
sufficiently.    (See  p.  214.) 

It  is  scarcely  possible  to  confound  acute  myelitis  with  Jiyper- 
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mmia  of  the  cord.  The  absence  of  fever,  tlie  slight  intensity  of 
the  sensory  and  motor  disturbances,  the  frequent  and  rapid 
variations  in  the  symptoms,  and  the  absence  of  vesical  weakness 
and  of  bed-sores,  are  so  characteristic  of  the  latter  affection  as  to 
almost  prevent  the  possibility  of  a  mistake. 

The  diagnosis  from  hysteria  can  scarcely  present  any  diffi- 
culties ;  at  all  events  any  doubt  which  may  arise,  will  be  cleared 
up  by  a  few  days'  delay.  It  is  unnecessary  to  recapitulate  here 
the  points  of  the  differential  diagnosis.  On  the  other  hand, 
many  poisons  produce  symptoms,  which  may  resemble  the  clin- 
ical picture  of  ascending  central .  myelitis  so  closely,  that  the 
differentiation  is  very  difficult. 

The  seat_  of  the  disease  in  the  cord  and  its  extension  in  the 
transverse  and  vertical  directions,  can  readily  be  determined 
from  the  area  of  the  paralytic  phenomena,  the  state  of  the  reflex 
irritability,  the  trophic  disorders,  etc.  As  these  points  have 
already  been  repeatedly  discussed,  we  may  dispense  with  fur- 
ther consideration  of  them  here. 

Prognosis. 

The  prognosis  varies  vary  greatly.  In  general  it  is  unfavor- 
able, because  the  disease  is  almost  always  severe.  There  are, 
however,  numerous  exceptions  to  this  rule. 

A  perfect  recovery  is  rare.  In  many  cases  a  chronic  state  of 
disease  persists,  while  in  others  the  morbid  process  ceases,  but 
leaves  a  legacy  of  incurable,  although  relatively  harmless  defects. 
The  prognosis,  at  least  as  far  as  life  is  concerned,  is  often  abso- 
lutely favorable  (poliomyelitis  anterior  acuta). 

This  much  being  premised,  we  may  state  that  the  prognosis 
depends  chiefly  on  the  location  and  extent  of  the  inflammatory 
process.  It  is  not  correct  to  say,  that  it  always  becomes  worse 
the  higher  the  location  of  the  disease  in  the  cord.  Strictly 
speaking,  that  assertion  holds  true  only  when  the  disease  is 
located  in  the  dorsal  and  cervical  regions ;  in  such  cases  the 
higher  up  it  is  located,  the  greater  is  the  liability  of  the  respi- 
ratory tracts  becoming  affected,  hence  the  increasing  danger  to 
life.   On  the  contrary,  a  myelitis  in  the  dorsal  region  is,  ceteris 


MYELITIS. 


421 


paribus,  more  favorable  than  one  in  the  lumbar  region,  on  ac- 
count of  the  important  centres  located  in  the  latter. 

It  is  much  more  correct  to  say,  that  the  prognosis  depends  on 
the  extent  of  the  cross  section  of  the  cord  inmloecl  in  the  process  ; 
the  more  considerable  this  is,  the  more  unfavorable  is  the  prog- 
nosis. It  becomes  worse  in  proportion  especially  to  the  extent 
of  the  gray  substance  involved.  The  central  and  posterior  por- 
tions of  the  gray  substance  seem  to  be  particularly  dangerous 
in  this  connection,  for  experience  teaches  that  acute  myelitis  of 
the  anterior  horns  alone  is  not  attended  by  any  danger  to  life, 
although  it  certainly  annihilates  the  function  and  the  nutrition 
of  the  muscles.  In  myelitis  of  the  central  gray  substance,  on 
the  other  hand,  the  prognosis  is  much  more  unfavorable,  on  ac- 
count of  the  usually  unavoidable  development  of  cystitis,  decu- 
bitus, etc.  We  are  as  yet  unable  to  say  how  much  the  more  or 
less  extensive  implication  of  the  white  columns  influences  the 
prognosis. 

The  extent  of  the  longitudinal  section  of  the  cord  inmlmd  in 
the  processes  influences  the  prognosis  in  a  similar  manner ;  it 
becomes  worse  in  a  direct  ratio  to  the  longitudinal  extent,  or,  in 
other  words,  to  the  length  of  the  diseased  spot.  Hence  a  very 
circumscribed,  transverse  myelitis  is  not  so  dangerous  as  the 
same  affection,  when  it  extends  over  a  greater  length  of  the 
cord.  Hence,  also,  the  unfavorable  prognosis  in  the  progres- 
sive, ascending  forms  of  the  disease,  and  particularly  in  cen- 
tral ascending  myelitis.  A  longitudinal  extension  of  the  disease 
in  the  white  columns  is,  however,  not  by  any  means  so  porten- 
tous. 

There  are  various  other  facts  which  can  also  be  made  use  of 
for  the  prognosis.  A  very  rapid  development  and  great  intensity 
of  the  paralysis,  complete  paralysis  of  the  sphincters,  early  and 
especially  acute  decubitus,  progressive  advance  of  the  disease 
upwards,  high  fever,  great  impairment  of  the  general  health, 
disorders  of  respiration,  dyspnoea,  cyanosis,  etc.,  influence  the 
prognosis  unfavorably.  On  the  other  hand,  a  moderate  degree 
of  paralysis,  absence  of  trophic  and  sensory  disturbances,  impli- 
cation of  the  bladder  to  only  a  slight  extent,  absence  of  fever 
and  of  marked  impairment  of  the  general  health,  commencing 


422   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

improvement  of  some  of  the  symptoms,  etc.,  are  signs  of  favor- 
able portent. 

The  nature  of  the  etiological  influences  and  the  possibility  of 
removing  them,  the  possible  occurrence  of  exacerbations  and 
relapses,  the  general  condition  of  the  patients,  the  effects  pro- 
duced by  certain  therapeutic  measures,  etc.,  must  also  be  taken 
into  account  in  determining  the  prognosis. 

By  close  attention  to  all  of  these  points,  we  shall  in  many  of 
the  cases  succeed  in  forming  a  tolerably  correct  judgment  of  the 
course  and  termination  of  the  disease. 

Treatment. 

Of  a  propTiylactic  treatment  of  acute  myelitis,  there  can 
hardly  be  any  question.  If  there  be  any  it  consists  simply  in 
the  observation  of  those  general  rules,  w^hich  are  in  any  case 
necessary  for  the  preservation  of  health. 

On  the  other  hand,  a  causal  treatment  is  possible  in  many 
cases.  Injuries  of  the  spinal  column  must  be  treated  surgically, 
and  simple  concussions  must  also  receive  proper  attention. 
Tumors  of  the  spinal  column  should  be  removed  if  possible  ;  in 
these  cases  the  acute  meningitis  also  requires  treatment.  When 
the  premonitory  signs  of  myelitis  make  their  appearance  after 
exposure  to  cold,  etc.,  the  morbid  process  can  be  perhaps  arrested 
or  mitigated  by  an  energetic  diaphoretic  treatment  (diaphoresis, 
hot  drinks,  the  warm  bath,  the  pack,  derivation  to  the  back,  etc.). 
Where  there  has  been  excessive  bodily  exertion,  the  same  end 
may  perhaps  be  attained  by  absolute  rest  in  the  proper  position, 
a  warm  bath,  etc.  Suppressed  secretions,  profluvia  and  hemor- 
rhages should  be  excited  afresh,  if  there  be  any  reason  to  suspect 
that  the  suppression  has  had  any  influence  in  causing  mj'-elitis. 
The  treatment  of  syphilis  is  of  special  importance,  when  an  acute 
myelitis  is  developed  in  its  course;  in  such  cases  an  energetic 
mercurial  treatment  must  be  immediately  commenced  and  be 
supplemented  by  large  doses  of  iodide  of  potassium,  "  Roob  Laf- 
fecteur,"  etc.,  when  the  stage  of  the  disease  indicates  them. 

As  a  rule,  however,  the  patients  do  not  come  under  observa- 
tion until  the  disease  is  developed.    The  measures  to  be  adopted 
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then  will  of  course  vary  both  in  nature  and  in  activity,  according 
to  the  form  and  the  severity  of  the  disease.  The  general  features 
of  these  measures  of  treatment  are  all  that  we  can  attempt  to 
describe  here. 

In  all  cases  that  are  at  all  severe  and  threatening,  an  energetic 
antiphlogistic  treatment  is  indicated.  This  is  not  the  place  to 
discuss  the  justifiableness  of  the  usual  antiphlogistic  measures. 
We  are,  moreover,  still  very  much  in  want  of  actual  observations 
on  which  to  base  a  reliable  opinion  as  to  their  efficiency  in  acute 
myelitis.  Nothwithstanding  this,  however,  in  the  face  of  so 
dangerous  a  disease,  the  energetic  employment  of  all  antiphlo- 
gistic measures  is  decidedly  indicated.  Active  local  'bloodletting 
from  the  spine  may  be  practised  by  means  of  leeches  or  wet  cups, 
applied  several  times  in  succession  ;  Chapman's  ice-bag,  from 
which  Tibbits  saw  very  good  results,  may  be  employed ;  the 
trunk  may  be  enveloped  in,  or  the  hack  covered  with,  cloths 
wrung  out  in  water,  which  should  in  turn  be  covered  with 
caoutchouc-paper  and  flannel,  and  should  be  renewed  every 
few  hours  ;  to  these  may  be  added  the  inunction  of  mercurial 
ointment  into  the  back  and  other  parts  of  the  body — a  measure 
of  doubtful  utility,  but  still  one  which  is  permissible  in  view  of 
its  efficiency  in  inflammatory  affections  of  the  eye,  even  wlien 
not  of  a  specific  nature.  For  the  same  reason,  small  doses  of 
calomel,  frequently  repeated,  may  be  tried,  and  eventually  also 
iodide  of  potassium,  in  sufficient  doses.  Brown-Sequard  recom- 
mends, on  the  ground  of  physiological  experiment,  the  employ- 
ment of  ergot  and  belladonna  (to  combat  the  concomitant  hyper- 
aemia) ;  these  remedies  deserve  a  trial. 

In  the  majority  of  the  cases,  however,  a  moderate  derination 
to  the  intestines  (castor  oil,  "aqua  laxativa,"  mineral  waters  con- 
taining sulphate  of  magnesia,  senna,  rhubarb,  colocynth,  etc.), 
and  also  to  the  kidneys  (by  the  ingestion  of  large  quantities  of 
water,  the  use  of  Ems  or  Yichy  water,  of  acetate  of  potash,  etc.) 
is  more  important  and  more  useful.  Attention  must  be  paid  to 
this. 

One  difficult  question  which  presents  itself  in  the  treatment 
of  acute  myelitis  is,  whether  or  not  the  employment  of  energetic 
derivatives  to  the  skin  over  the  spinal  column,  is  permissible  and 
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serviceable.  The  results  obtained  by  their  employment  in  other 
ajffections,  as  well  as  in  a  few  cases  of  myelitis,  have  been  very 
encouraging,  but  at  the  same  time  the  danger  of  producing  ulcers, 
and  of  favoring  the  formation  of  bed-sores,  and  the  great  annoy- 
ance they  cause  the  patients,  are  apt  to  deter  physicians  from 
using  them.  I  believe  that,  when  properly  used,  they  can  do  no 
harm  and  often  do  good.  Those  which  act  rapidly  and  ener- 
getically should  be  chosen — the  hot  iron,  or,  in  less  serious  cases, 
the  blister.  These  counter-irritants  should  never  be  applied  to 
places  where  the  skin  is  already  very  ansesthetic  ;  all  parts  that 
are  exposed  to  continuous  pressure  should  also  be  avoided.  In 
severe  and  threatening  cases  (particularly  in  cases  of  ascending 
central  myelitis)  we  need  not  hesitate  to  give  them  a  very  thor- 
ough trial,  since  the  great  danger  in  which  the  patients  are  placed 
justifies  the  use  of  severe  and  even  dangerous  remedies.  Here 
the  greatest  advantage  will  be  derived  from  two  bold  streaks 
drawn  with  ferrum  candens,  or  from  punctiform  cauterizations 
on  both  sides  of  the  spine,  repeated  every  day  or  two.  The  fa- 
vorable termination  of  Levy's  case,  in  which  the  diagnosis  of 
acute  myelitis  was  in  all  probability  correct,  speaks  highly  in 
favor  of  this  method. 

The  antiphlogistic  treatment  must,  of  course,  be  modified  ac- 
cording to  the  age,  constitution  and  general  condition  of  the 
patients.  The  more  robust  the  individual,  the  more  energetic 
should  be  the  antiphlogosis ;  in  plethoric  patients  a  moderate 
venesection  may  even  be  advisable. 

The  galvaniG  current  should  never  be  employed  in  the  acute 
forms  and  the  acute  stage  of  myelitis.  It  is  only  in  the  treat- 
ment of  the  more  chronic  forms,  and  of  the  residua  and  sequelaj 
of  the  affection,  that  is  permissible  and  proves  valuable. 

The  cases  reported  by  Lewin'  and  Hitzig*  might  possibly  be  adduced  in  oppo- 
sition to  this  statement.  In  Lewin's  case,  however,  the  diagnosis  was  not  quite  cer- 
tain. Under  the  galvanic  treatment,  which  was  begun  on  the  twentieth  day,  the 
jjatient  did  remarkably  well.  In  Hitzig's  case,  the  chief  affection  was  a  subacute 
meningitis. 


'  Deutsche  Klinik.  1875.  No.  11. 
Virch.  Arch.  Band  XL.  p.  445.  18G7. 
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In  addition  to  these  therapeutic  measures  the  most  careful 
attention  must  also  be  paid,  in  the  first  stages,  to  the  feeding 
and  the  nnrsing  of  the  patient ;  his  strength  must  be  kept  up, 
and  all  the  evil  consequences  of  the  disease  guarded  against  and 
combated.  In  this  connection  the  following  points  must  be  at- 
tended to  :  absolute  rest  as  far  as  possible,  and  of  course  in  bed ; 
the  patient  should  lie  often  on  his  side  or  abdomen,  and  not  ex- 
clusively on  his  back.  It  would  hardly  be  possible  to  enforce 
tlie.  exclusively  abdominal  position,  recommended  by  Brown- 
Sequard.  Easily  digested  but  nourishing  food ;  no  spirits,  no 
tea  or  coffee ;  absolute  mental  quiet ;  avoidance  of  all  violent 
movements  of  the  body,  especially  of  those  caused  by  driving ; 
careful  attention  to  the  skin,  which  must  be  washed  regularly. 
In  the  milder  cases  a  lukewarm  bath  may  be  administered.  Above 
all  things,  every  precaution  must  be  taken  to  prevent  the  devel- 
opment of  cystitis  and  decubitus  ;  the  directions  for  this  will  be 
found  in  the  general  part  (Part  I.,  p.  193). 

If  we  succeed  in  tiding  the  patient  over  the  first  few  weeks, 
or  the  acute  stage  of  the  disease,  the  case  may  be  safely  left  for 
a  time  to  nature,  on  which  our  chief  reliance  must  be  placed 
under  all  circumstances.  Of  course,  the  directions  given  for  the 
diet  and  nursing  must  still  be  strictly  followed  out.  We  can,  to 
a  certain  extent,  count  on  the  development  of  a  reparative  action 
in  the  organism,  which  will  lead  to  at  least  a  partial  adjustment 
of  the  derangements.  In  all  such  cases  we  have  to  deal  with  sub- 
acute and  chronic  forms  of  myelitis,  and  the  treatment  of  these 
forms,  which  is  given  at  length  in  the  succeeding  chapter,  then 
comes  into  play. 

The  time  has  now  come  for  a  more  supporting  and  stimula- 
ting treatment  (quinine,  iron,  good  food,  wine,  cod-liver  oil,  fresh 
air,  etc.),  which  will  further  the  restoration  and  regeneration  of 
the  tissue  ;  also  for  the  employment  of  haths  (thermal  and  brine 
baths),  or  of  a  mild  course  of  hydropathy ;  particularly,  how-* 
ever,  for  the  employment  of  the  galvanic  current.  For  detailed 
information  concerning  the  indications  for  these  measures  and 
the  methods  of  employing  them,  the  reader  is  referred  to  the 
section  on  the  treatment  of  chronic  myelitis. 

Finally,  specific  internal  remedies,  such  as  nitrate  of  silver, 
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cliloride  of  gold  and  sodium,  iodide  of  potassium,  etc.,  are  also 
indicated  now.    Strychnine  may  also  be  cautiously  tried. 

If  the  case  be  progressively  improving,  the  patient  may  grad- 
ually be  allowed  to  move  about  cautiously.  He  should  be  put 
through  a  course  of  chamber  gymnastics,  etc.,  before  he  is  al- 
lowed to  go  about  freely. 

Finally,  convalescence  in  the  cases  which  run  a  favorable 
course,  may  be  hastened  by  residence  in  a  mountainous  region, 
or  by  cold-water  treatment,  or  by  sea-baths.  The  patients,  how- 
ever, must  always  observe  great  caution  for  a  long  time,  and 
avoid  ever}'"  excess,  every  occasion  of  over-exertion  and  any  ex- 
posure to  cold. 

The  indicatio  symptomatica  may  be  furnished  by  the  most 
different  symptoms.  The  most  important,  as  a  rule,  is  the  care- 
ful treatment  of  the  cystitis  and  decubitus,  the  rules  for  which 
have  been  given  in  the  general  part  (Part  I.,  p.  193).  The  relief 
of  the  pains  and  of  the  muscular  twitchings  and  contractures 
that  follow  in  their  train,  is  also  often  very  desirable.  (Morphine, 
bromide  of  potassium,  chloral,  etc.)  Sleeplessness  may  also 
require  treatment.  Against  the  asphyctic  condition  which  sets 
in  suh  Jinem,  and  the  impending  cardiac  paralysis,  the  usual 
irritant  remedies  are  almost  powerless.  The  anaesthesias,  para- 
lyses, atrophies,  etc.,  which  persist  after  the  cessation  of  the  dis- 
ease, are  most  satisfactorily  treated  by  electricity. 


B.  Chronic  Inflammation  of  the  Spinal  Cord.— Myelitis  Chronica.— Sclerosis. 

Gray  Degeneration. 

Definition. — We  enter  here  on  a  domain,  the  limits  of  which 
it  is  exceedingly  difficult  to  mark  off.  For  the  present  we  must 
include  under  the  head  of  chronic  myelitis,  many  affections  that 
will  doubtless  be  sifted  out  and  more  sharply  defined  in  the 
course  of  time. 

We  understand  by  chronic  myelitis  all  those  slowly  develop- 
ing processes-  in  the  spinal  cord  which  run  a  tedious.,  lingering 
course  without  fever,  and  which  in  the  present  state  of  our 
knowledge  are  ascribed  to  chronic  inflammation.    It  comprises 
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consequently  the  processes  which  are  designated  as  chronic  in- 
llauiination  in  its  narrowest  scuise,  as  induration,  as  sclerosis  and 
as  gray  degeneration ;  also  a  portion  of  the  slowly  developing 
processes  of  softening,  and  perhaps  some  of  the  cases  in  which 
cavities  form  in  the  cord. 

We  include  here  consequently  forms  of  disease  which  vary 
very  greatly  in  location  and  extent.  In  this  chapter,  however, 
we  will  consider  only  those  forms  which  do  not  possess  an  exact 
localization,  but  are  characterized  rather  by  irregularity  in  seat 
and  extent.  The  remaining  forms,  especially  the  funicular  scle- 
roses, etc.,  will  be  made  the  subjects  of  special  chapters. 


Etiology  and  Pathogenesis. 

The  question  whether  an  increased  predisposition  to  myelitis 
exists  in  certain  persons,  has  not  yet  been  sufficiently  investigated, 
but  it  is  at  any  rate  exceedingly  probable  that  it  does.  Here  too, 
the  hereditary  neuropathic  constitution  presumably  plays  a  very 
prominent  role ;  numerous  facts  in  the  etiology  of  tabes,  multiple 
sclerosis,  etc.,  indicate  this.  Mental  and  corporeal  over-exertion, 
dissipation,  sexual  excesses,  syphilis,  emotional  excitement,  care, 
grief,  etc.,  can  probably  also  act  as  predisposing  causes.  The 
disease  is  most  common  during  youth  and  middle  age,  and  in  the 
male  sex. 

Chronic  myelitis  can,  as  we  have  already  seen,  proceed  from 
the  acute  form.  This  is  not  an  uncommon  occurrence.  Hence, 
all  the  causes  of  the  acute  must  also  be  regarded  as  more  remote 
causes  of  the  chronic  affection.  The  latter,  however,  can  also  be 
primarily  produced  by  these  same  causes.  The  differences  in  the 
degree  of  the  external  injurious  influences,  or  of  the  predisposi- 
tion to  the  disease,  which  determine  the  occurrence  of  an  acute 
affection  in  one  case,  and  of  a  chronic  affection  in  another,  are 
still  unknown.  Of  the  exciting  causes  the  following  may  be 
briefly  mentioned :  catching  cold,  which  is  one  of  the  most  im- 
portant, and  certainly  one  of  the  most  frequent  causes ;  often- 
repeated  exposure,  long  sojourn  in  damp,  cold  localities,  sleeping 
on  damp  earth,  etc.,  are  especially  dangerous.     Bodily  over- 
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exertion^  especially  when  combined  with  exposure  to  cold  ;  hence 
the  great  frequency  of  chronic  myelitis  after  military  campaigns. 
Simple  concussion  of  the  cord  without  direct  injury  has  already 
been  mentioned  (p.  346)  as  a  possible  cause  of  chronic  myelitis  ; 
also  gradual  compression  of  the  cord. 

Whether  alterations  in  the  circulation  within  the  cord,  such 
as  possibly  follow  suppression  of  habitual  hemorrhages  (the 
menses,  bleeding  piles,  etc.),  can  be  the  starting-point  of  chronic 
myelitis,  is  still  doubtful.  The  question  whether  the  myelitis, 
which  develops  in  persons  suffering  from  hemorrlioids^  has  a 
causal  connection  with  the  latter  and  the  disorders  excited  by 
them,  or  whether  we  have  to  deal  here  with  a  purely  accidental 
coincidence,  which,  in  view  of  the  commonness  of  piles,  would 
not  be  at  all  astonishing,  must  still  be  left  open. 

Sexual  excesses  are  undoubtedly  rather  a  predisposing  than  an 
exciting  cause  of  chronic  myelitis.  Still,  there  are  several  cases 
on  record,  in  which  no  other  cause  could  be  discovered  to  account 
for  the  disease.  The  same  remark  applies  to  continued,  depress- 
ing mental  emotions. 

Syphilis  is  unquestionably  a  very  fruitful  source  of  chronic 
m3''elitis.  Putting  out  of  question  the  syphilitic  affections  of 
the  vertebral  column  and  the  spinal  membranes,  and  the  specific 
neoplasms  in  the  cord  itself,  which  excite  myelitis  only  indi- 
rectly by  means  of  the  compression  they  exert,  the  occurrence 
of  subacute  and  chronic  myelitis  in  syphilitic  individuals  or 
in  persons  who  had  previously  suffered  from  the  disease,  is  so 
exceedingly  frequent,  that  the  possibility  of  an  etiological  con- 
nection between  lues  and  chronic  myelitis  cannot  be  denied. 
During  the  last  few  years  I  have  myself  met  with  at  least  a 
dozen  such  cases,  some  of  which  I  dissected.  It  is  true,  that 
it  is  still  impossible  to  decide,  whether  in  these  cases  we  have 
to  deal  with  really  specific  myelitis,  or  with  simple  myelitis  in 
persons  predisposed  by  the  syphilis  to  chronic  infiammations. 
Judging,  however,  from  the  cases  in  which  I  had  opportunities 
to  liold  autopsies,  an  account  of  which  will  be  given  elsewhere 
by  Dr.  F.  Schultze,  I  must  for  the  present  regard  the  latter  as 
the  more  probable.  More  attention  should  in  future  be  paid  to 
this  question,  which  is  therapeutically  exceedingly  important. 
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Chronic  myelitis  is  occasionally  developed  as  a  sequel  of 
various  acute  and  chronic  diseases,  Langhans  found  clironic 
myelitis  with  softening  and  the  formation  of  cavities,  in  con- 
nection with  lepra.  Chronic  alcoholism,  chronic  lead-poisoning, 
and  perhaps  also  chronic  poisoning  with  other  metals,  can  like- 
wise lead  to  chronic  myelitis. 

Finally,  its  development  from  irritation  and  diseases  of  per  i- 
plieral  organs  must  be  mentioned.  Most  of  the  cases  of  so-called 
reflex  paraplegia  belong  in  the  domain  of  subacute  and  chronic 
myelitis.  It  is  unnecessary  to  add  anything  here,  to  what  has 
been  already  said  in  different  parts  of  this  work  concerning  the 
pathogenesis  of  this  form  of  disease.  We  will  only  allude  to  a 
case  recently  published  by  Laveran,  which  illustrates  well  the 
difiiculty  of  explaining  the  etiological  connection  between  the 
affection  of  the  bladder  and  the  disease  of  the  cord. 

Pathological  Anatomy. 

In  many  cases  of  chronic  myelitis,  the  macroscopic  examina- 
tion reveals  no  noticeable  anomalies.  The  investigations  of  re- 
cent years  have  left  no  room  to  doubt,  that  very  marked  and 
widespread  structural  changes  may  exist  in  cases  where  the 
most  careful  macroscopic  examination  discloses  absolutely  no 
alterations  either  in  the  color  or  the  markings,  or  even  in  the 
consistency  of  the  cord.  The  changes  are  revealed,  however, 
when  hardened  preparations  of  the  cord  are  subjected  to  a  mi- 
croscopical examination.  It  is  unnecessary  to  dilate  on  the  sus- 
picion, which  this  discovery  throws  on  the  statements  of  many 
excellent  observers,  who  were  content  to  declare  a  cord  to  be 
"normal"  after  a  mere  macroscopic  or,  at  most,  a  hasty  micro- 
scopic examination.  Tliere  can  be  no  reason  to  question  the 
truth  of  the  statement,  that  it  is  impossible  to  decide  positively 
from  macroscopic  observation  alone,  or  from  a  superficial  micro- 
scopic examination  of  fresh  specimens,  that  the  cord  is  normal  in 
structure. 

Not  unfrequently,  however,  chronic  myelitis  causes  very  con- 
siderable macroscopic  changes.  These  affect,  on  the  one  hand, 
the  consistency  and,  on  the  other  hand,  the  color  of  the  cord,  or 
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of  circumscribed  portions  of  it.  There  is  almost  always  an  in- 
crease in  the  consistency — a  hardening  or  sclerosis  of  the  cord  ; 
its  substance  is  denser  and  firmer,  and  resembles  coagulated  albu- 
men, or  it  may  be  still  denser  and  difficult  to  cut,  presenting  a 
smooth  section.  This  hardening  is  usually  accompanied  by  a 
more  or  less  pronounced  gray,  or  yellowish  gray  discoloration  of 
the  tissue — hence  the  much-used  name,  gray  degeneration. 

In  a  minority  of  the  cases  only,  do  we  meet  with  more  or  less 
extensive  softening.  This  is  observed  rather  in  the  subacute 
cases,  or  in  the  earlier  stages  of  a  chronic  myelitis,  which  has  de- 
veloped from  the  acute  form.  It  is  sometimes  met  with,  however, 
even  in  primarily  chronic  cases,  e.  g.,  in  the  one  reported  by 
Keen.  Sometimes  we  meet  with  more  or  less  extensive  and 
numerous  cavities,  which,  in  a  number  of  the  cases  at  least,  arc 
by  several  authors  correctly  ascribed  to  chronic  myelitis. 

The  spinal  cord  in  these  cases  rarely  presents  any  considerable 
change  in  volume.  An  increase  in  volume,  or  swelling  of  the 
whole  or  of  circumscribed  parts  of  the  cord,  is  least  frequent  ; 
on  the  other  hand,  a  slight  diminution  in  volume,  or  atrophy, 
is  very  common.  What  was  formerly  called  consumption  of  the 
cord,  atrophy  of  the  cord,  and  tabes  dorsalis,  in  the  anatomical 
sense  of  the  term,  are  really  nothing  more  than  different  forms  of 
chronic  myelitis.  In  such  cases  the  cord  is  atrophic  and  thinner 
than  usual ;  sometimes  it  is  greatly  shrunken.  This  change  may 
be  general  and  equable,  so  that  the  cord  still  presents  the  appear- 
ance of  a  cylindrical  structure,  but  it  is  usually  limited  to  its 
lower  half  ;  or  the  shrinkage  may  be  in  the  antero-posterior 
direction,  so  that  the  organ  has  a  more  flattened,  band-like 
appearance ;  or,  finally,  the  surface  is  somewhat  depressed  only 
in  isolated,  circumscribed  spots,  or  perhaps  along  the  entire 
length  of  certain  columns.  Everywhere  the  gray,  degenerated 
tissue  shimmers  through  the  pia. 

The  localization  and  the  area  of  the  chronic  inflammation 
in  the  spinal  cord  may  vary  greatly.  There  may  be  merely 
isolated  foci  of  disease,  varying  in  number  and  size,  and  im- 
bedded in  Healthy  tissue.  They  are  dense,  reddish-graj'-  or  gray, 
often  possess  a  gelatinous  translucency,  and  are  either  sharply 
defined,  or  gradually  shade  off  into  the  healthy  tissue.  When 
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there  is  only  one  focns,  which  does  not  take  in  an  entire, 
cross-section  of  the  cord,  we  speak  of  a  myelitis  circumscripta. 
When,  as  not  nnfrequently  happens,  there  are  several  of  these 
foci  scattered  irregularly  through  the  cord,  we  have  the  myelitis 
clironica  disseminata,  or  sclerosis  multiplex  seu  disseminata, 
which  is  usually  combined  with  an  analogous,  disseminated  scle- 
rosis in  the  brain. 

When  the  entire  thickness  of  the  cord  is  involved,  the  disease, 
however,  being  more  or  less  limited  in  a  vertical  direction,  we 
have  before  us  the  very  common  form  to  which  the  name  mye- 
litis transversa  has  been  applied.  A  portion  of  the  cord  of 
variable  length,  but  usually  not  more  than  a  few  inches  in 
span,  appears  grayish,  translucent,  shrunken  and  atrophied; 
the  line  of  demarcation  from  the  surrounding  tissue  is  not 
very  sharply  defined,  especially  when,  as  is  usually  the  case, 
secondary  degeneration  has  set  in.  On  section,  the  tissue  ap- 
pears more  or  less  firm,  dense  and  dry,  or  occasionally  more  suc- 
culent and  soft. 

In  other  cases  the  lesion  involves  only  small  and  as  a  rule 
distinctly  circumscribed  portions  of  the  cross-section  of  the  cord, 
but  extends  farther  in  a  vertical  direction,  sometimes  stretching 
throughout  almost  the  entire  length  of  the  organ.  In  this  last 
case  we  have  to  deal  with  the  so-called  hand-shaped  sclerosis, 
or  funicular  degeneration.  In  this  form  of  chronic  myelitis, 
diiferent  parts  of  the  cross-section  may  be  involved.  The  affec- 
tion may  be  limited  to  the  gray  substance,  and  may  surround 
the  central  canal  in  the  form  of  a  cylinder  of  varying  thick- 
ness ;  in  this  situation  it  not  nnfrequently  leads  to  the  forma- 
tion of  cavities — this  is  the  so-called  periependymal  sclerosis, 
which  Hallopeau  has  described  minutely.  Or  it  may  be  con- 
fined to  the  anterior  horns  of  the  gray  matter,  one  or  both  of 
which  may  be  affected  to  a  varying  extent  longitudinally :  this 
is  the  poliomyelitis  anterior  chronica  (Kussmaul).  Or  it  may 
be  located  exclusively  in  the  white  columns,  usually  involv- 
ing a  large  portion  of  their  longitudinal  section,  and  almost 
always  affecting  both  sides  symmetrically.  In  this  category 
belongs  the  much  spoken  of  gray  degeneration  of  the  posterior 
columns;  the  degeneration  may  involve  the  entire  thickness  of 
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these  columns,  or  it  may  be  limited  to  the  funiculi  graciles.  The 
sclerosis  of  the  lateral  columns^  especially  of  their  posterior 
portions,  and  the  sclerosis  of  the  inner  portion  of  the  anterior 
columns,  also  belong  here.  We  will  speak  more  fully  of  these 
forms  in  another  place.  Finally,  the  chronic  myelitis  may  also  be 
confined  to  the  periphery  of  the  cord,  forming  a  ring-shaped  zone 
lying  immediately  beneath  the  pia,  and  corresponding  to  the 
normal  cortical  layer.  This  form  is  usually  combined  with 
meningitis.  It  constitutes  the  ring-shaped,  peripheral  sclerosis, 
or  the  sclerose  corticale  annulaire  of  Vulpian. 

When  the  chronic  myelitis  extends  over  the  greater  part  of 
the  cord,  it  is  termed  myelitis  chronica  diffusa.  This  extension, 
however,  is  usually  not  uniform,  some  portions  being  much 
more  intensely  affected  than  others.  In  many  cases  the  myelitis 
is  at  first  circumscribed,  but  becomes  more  or  less  diffused  in 
course  of  time. 

A  close  examination  reveals  in  very  many  cases  the  presence 
of  the  secondary  degenerations,  which  have  been  often  alluded 
to  already,  and  which  will  be  more  fully  described  in  another 
chapter.  In  an  upward  direction,  it  is  chiefly  the  ascending 
degeneration  of  the  posterior  columns,  reaching  to  the  medulla 
oblongata,  which  attracts  the  attention  of  the  observer — in  a 
downward  direction,  the  descending  degeneration  of  the  poste- 
rior portions  of  the  lateral  columns,  reaching  to  the  end  of  the 
lumbar  medulla.  The  transition  from  these  degenerated  parts  to 
the  actual  myelitic  centres,  is  usually  a  very  gradual  one. 

The  meninges,  as  a  rule,  take  part  in  the  chronic  myelitic 
process.  They  also  present  the  signs  of  chronic  inflammation — 
cloudiness,  thickening,  adhesions,  calcifications,  etc.  It  is  un- 
necessary to  describe  these  changes  here. 

The  nerve-roots  are  in  many  cases  gray,  translucent,  exceed- 
ingly atrophic,  and  converted  into  a  wavy  connective  tissue,  rich 
in  fat,  but  containing  few  or  no  nerve-fibres. 

The  peripheral  nerves  also  are  not  unfrequently  found  in  a 
state  of  degenerative  atrophy.  The  muscles  are  then  in  the  same 
condition;  they  appear  very  atrophic,  pale,  rich  in  connective 
tissue,  and  occasionally  very  abundantly  supplied  with  adipose 
tissue.    These  points  will  be  considered  more  in  detail,  when  we 
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come  to  speak  of  the  forms  of  chronic  myelitis,  that  are  most 
liable  to  be  followed  by  these  degenerative  processes. 

Furthermore,  at  the  autopsy  we  often  find  changes  in  the 
joints  (erosion,  deformity  or  destruction  of  the  cartilages,  thick- 
ening of  the  capsule,  serous  accumulations,  etc.) ;  more  or  less 
extensive  and  often  gangrenous  hed-sores  on  different  parts  of 
the  body ;  marked  vesical  changes  (hypertrophy  and  ulcera- 
tion or  diphtheritis  of  the  mucous  membrane,  hypertrophy  of  the 
muscular  coat,  etc.)  with  consecutive  pyelitis  and  nephritis,  etc. 
We  find  also  many  other  changes  which  are  partly  consecutive 
to  the  severe,  chronic  spinal  paralysis,  partly  symptomatic  of 
accidental,  intercurrent  diseases,  but  which  it  is  unnecessary  to 
describe  here. 

We  possess  a  great  abundance  of  isolated  observations  bear- 
ing on  the  microsco'pical  lesions  of  chronic  myelitis.  In  general, 
however,  there  is  still  but  little  unanimity  on  the  subject,  least 
of  all  concerning  the  interpretation  to  be  placed  on  what  has 
been  discovered.  We  cannot,  of  course,  enter  here  into  all  the 
details,  since  many  of  the  points  in  dispute  are  as  yet  undevel- 
oped, and  for  the  practising  physician  of  but  little  importance. 
Neither  have  we  to  speak  of  the  methods  of  investigation,  as  that 
is  a  subject  which  belongs  in  the  domain  of  pathological  anat- 
omy ;  essentially,  all  the  discoveries  have  been  made  by  the 
study  of  hardened  preparations,  colored  and  rendered  trans- 
parent by  various  methods. 

It  is  probable  that  many  different  processes  are  still  classed 
together  under  the  head  of  chronic  myelitis.  The  changes  enu- 
merated in  the  following  paragraphs  are,  however,  common  to 
all  these  forms,  and  constitute  in  all  probability  the  essence  of 
the  process. 

Changes  in  the  connective  tissue  or  the  neuroglia :  increase 
in  the  thickness  and  width  of  the  individual  fibres  and  septa  of 
the  reticulum  ;  gradual  transformation  of  the  tissue  into  a  deli- 
cately fibrous,  fibrillated  connective  tissue.  According  to  From- 
mann  the  fibrillse  are  developed  within  the  old,  enlarged  neuroglia 
fibres  and  cells.  They  form  finally  a  dense  tissue,  composed  of 
delicate,  fibrillated  fibres,  usually  arranged  in  long  wavy  bun- 
dles.    The  neuroglia-cella  enlarge,  and  their  nuclei  undergo 
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proliferation ;  they  become  more  numerous  and  more  distinct. 
Nowliere  can  Deiter's  cells  be  found  more  perfect  and  more 
developed  than  in  chronic  myelitis ;  truly  gigantic  specimens 
with  numerous  processes  are  often  found.  The  change  consists 
consequently  in  a  gradual  conversion  of  the  normal  neuroglia 
tissue  into  a  fibrillated,  delicately  fibrous  connective  tissue,  ac- 
companied by  proliferation  of  the  cells  and  their  nuclei. 

Changes  in  tJie  nervous  elements :  sometimes  the  nerxe-fihres 
are  swollen,  the  medullary  sheath  being  irregularly  thickened, 
crumbly  and  in  a  state  of  commencing  degeneration  ;  in  this  case 
numerous  swollen  axis-cylinders,  which  present  spindle-shaped 
enlargements  and  are  fused  with  the  medullary  sheaths,  are  also 
found.  More  frequently,  however,  we  find  pronounced  atrophy 
or  a  starved  condition  of  the  fibres,  with  destruction  of  the 
medullary  sheath,  sometimes  by  fatty  degeneration,  sometimes 
without  apparent  change  of  this  sort.  The  naked  axis-cylinders 
then  often  remain  in  statu  quo  for  a  considerable  time ;  but 
finally,  they  too  undergo  atrophy  and  become  shrunken  and  de- 
stroyed. Sometimes  they  are  found  stiff,  brittle,  very  brilliant, 
and  indurated. 

The  ganglion-cells  are  sometimes  clouded  and  swollen,  and 
contain  vacuoles.  More  frequently,  however,  they  are  dimin- 
ished in  size,  strongly  pigmented,  shrunken,  atrophied  and  in- 
durated, and  are  finally  converted  into  small,  unrecognizable, 
angular  structures,  in  which  neither  nucleus  nor  nucleolus  can 
any  longer  be  discovered,  and  which  have  lost  their  processes. 

Changes  in  the  vessels. — The  walls  of  the  small  arteries  and 
veins,  and  of  the  capillaries  as  well,  are  considerably  thickened, 
and  their  calibre  is  lessened.  This  of  course  varies  very  greatly 
in  degree  in  different  cases.  The  walls,  especially  the  adventitia, 
are  converted  into  a  thick,  homogeneous,  often  indurated  mass, 
presenting  proliferation  of  nuclei,  collections  of  fat-  and  pigment- 
granules,  and  not  unfrequently  also  granule-cells.  The  peri- 
vascular space  is  filled  with  cells  and  exudation  ;  fusion  of  the 
wall  of  the  vessel  with  the  surrounding,  indurated  connective 
tissue  ;  sometimes  aneurysmal  dilatations  of  the  vessels. 

Appearance  of  heterogeneous  elements :  of  these  the  fat-gran- 
ule-cells (Fettkornchenzellen)  are  the  most  frequently  met  with  ; 
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they  are  sometimes  numerous,  sometimes  scanty,  at  one  time  de- 
posited around  and  in  the  walls  of  the  vessels,  at  another  scat- 
tered through  the  connective-tissue  septa,  and  again  arranged  in 
rows,  apparently  in  the  spaces  that,  under  normal  circumstances, 
contain  the  nerve-fibres.  This  very  difference  in  distribution 
indicates  different  modes  of  production. 

Corpora  amylacea  are  also  usually  found;  they  are  some- 
times present  in  immense  numbers,  scattered  throughout  the 
entire  tissue,  but  at  other  times  only  a  few  can  be  discovered. 

All  these  things  will  be  found  in  the  different  stages  of  chronic 
myelitis.  Not  unfrequently  they  will  all  be  found  at  the  same 
time  in  the  same  cord,  provided  different  parts  of  it  be  the  seat 
of  different  stages  of  the  process. 

It  is  evident,  that  the  different  age  of  the  process  must 
occasion  characteristic  differences  in  the  histological  picture. 
All  the  details  of  these  differences  have  not  yet  been  thoroughly 
settled,  but  still  the  various  stages  of  the  disease  can  be  charac- 
terized histologically  about  as  follows  : 

1.  The  earliest  stage. — Thickening  and  swelling  of  the  inter- 
stitial tissue ;  greater  succulence  of  the  tissue ;  proliferation  of  the 
nuclei,  slight  swelling  of  Belter's  cells  ;  commencing  thickening 
and  alteration  of  the  walls  of  the  vessels ;  nerve-fibres  rather 
swollen,  medullary  sheath  in  a  state  of  incipient  degeneration ; 
axis-cylinders  often  no  longer  distinct ;  ganglion-cells  clouded, 
irregularly  swollen,  with  fewer  processes,  etc. ;  more  or  less 
abundant  fat-granule  cells,  and  a  few  corpora  amylacea. 

2.  Later  stage.— Move  marked  increase  of  the  interstitial 
tissue,  close  network  of  thick  neuroglia-fibres,  proliferation  of 
the  nuclei,  increase  of  the  neuroglia- cells,  great  thickening  of  the 
walls  of  the  vessels  ;  distinct  atrophy  of  the  nerve-fibres,  a  num- 
ber of  which  have  disappeared.  On  the  other  hand,  the  axis- 
cylinders  sometimes  survive  for  a  very  long  time  (particularly 
in  the  so-called  multiple  sclerosis,  for  which  it  seems  to  be  to 
some  extent  characteristic— Charcot,  Leyden).  Ganglion-cells 
atrophic,  sclerosed  and  in  part  destroyed;  fewer  fat-granule 
cells,  more  corpora  amylacea.  The  tissue  in  general,  of  greater 
density. 

3.  Last  stage.— AXmo^t  exclusively  connective  tissue  ;  a  dense 
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tissue,  composed  of  delicate  fibrillated  fibres  in  a  state  of  inex- 
tricable entanglement,  with  tolerably  numerous  nuclei  and  cells  ; 
the  latter  often  strikingly  developed  and  distinct.  Walls  of  the 
vessels  greatly  thickened,  vascular  lumen  narrowed  or  in  rare 
instances  enlarged.  Only  a  few,  isolated  nerve-fibres  are  still 
recognizable  ;  the  greater  part  of  the  fibres  have  disappeared, 
and  most  of  those  which  remain  are  atrophic  ;  many  naked 
axis-cylinders.  Ganglion-cells  shrunken  to  unrecognizable  ele- 
ments, or  entirely  destroyed.  Very  few  fat-granule  cells,  but 
corpora  amylacea,  on  the  other  hand,  usually  very  numerous. 
The  entire  tissue  very  dense,  firm,  dry  and  shrunken.  These 
are  the  appearances  presented  in  the  oldest  cases,  which  have 
lasted  several  or  many  years. 

In  many  cases  extensive  cavities  are  found  in  the  cord — this 
is  probably  the  terminal  stage  of  a  very  chronic  myelitis  charac- 
terized by  softening.  We  shall  return  to  these  cavities  in  another 
chapter. 

These  are  the  chief  lesions  found  in  chronic  myelitis.  "When  we  attempt  to 
interpret  them,  various  questions  force  tlieniselves  on  our  notice,  the  solution  of 
■which  still  presents  considerable  difficulties.  "We  cannot,  however,  well  avoid  de- 
voting a  brief  space  to  a  consideration  of  them. 

In  the  first  place,  the  question  arises,  whether  in  all  these  j)rocesses,  we  have  really 
to  deal  with  a  chronic  inflammation  ?  "We  cannot  spare  time  for  a  close  examination 
of  this  general  pathological  question.  According  to  the  principles  that  are  still 
generally  accepted,  the  term  chronic  inflammation  (cirrhosis,  etc.)  is  in  accord  with 
the  anatomical  lesions,  which  arc  analogous  to  those  found  in  other  organs  when 
tlie  seat  of  chronic  inflammation.  The  matter,  however,  is  still  very  open  to  dis- 
cussion, especially  the  question  whether  the  process  in  many  cases  may  not  be  one 
of  simple  or  of  degenerative  atrophy.  Tliis  interpretation  may  apply  to  the  so- 
called  "  secondary  degenerations,"  Avhich  some  authors  are  disposed  to  class  among 
the  chronic  inflammatory  processes  (Charcot,  Hallopeau).  The  anatomical  picture 
of  secondary  degeneration  can  certainly  resemble  very  closely  that  of  chronic 
inflammation.  JofEroy  asserts  that  in  experimental  myelitis,  he  found  swelling  and 
hypertrophy  of  the  axis-cylinders  in  the  actual  focus  of  inflammation,  but  not  in 
the  parts  which  had  undergone  secondary  degeneration  ;  this  would  indicate  a 
diiference  in  the  two  processes.  This  observation,  however,  requires  confirmation, 
especially  as  it  contradicts  the  statements  of  other  observers.  In  secondary  degen- 
eration we  have  to  deal  essentially  with  tlmt  form  of  degenerative  atropliy  which 
occurs  in  the  nerve-trunks,  when  they  are  cut  off  from  their  nutritive  centres. 
(Compare  our  description  and  explanation  of  this  in  "Vol.  XL,  p.  412.)    It  is  true 
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that  tliis  atrophy  also  is  not  unfrequently  spoken  of  as  an  actual  inflammation  ;  it 
must  then  be  regarded,  however,  as  a  specifically  neurotic  inflammation.  Very 
plausible  also  is  the  theory,  that  in  such  cases  there  is  a  primary  degeneration  of 
the  nerve-fibres,  the  products  of  which  exert  an  irritant  action  on  the  interstitial 
tissue,  and  excite  in  it  a  slow,  chronic  inflammation  (sclerosis).  A  process  of  this 
sort  might  well  occur  primarily  in  many  forms  of  the  band-shaped  affection,  and 
it  would  furnish  a  simple  explanation  for  the  fact,  that  interstitial,  chronic  inflam- 
matory changes  exist  also  in  the  gray  degeneration  or  degenerative  atrophy  of  the 
spinal  cord. 

Tills  brings  us  to  a  second  very  important  question,  namely,  whether  the  chronic 
inflammatory  process  always  has  the  same  point  of  departure,  be  this  from  the  con- 
nective tissue  or  from  the  nervous  elements  ?  Whether,  in  other  words,  ice  must 
assume  an  interstitial  or  a  parenchymatous  inflammation,  or  perhaps  both  together  ? 
To  this  question  also  we  are  as  yet  unable  to  give  a  decided  answer.  It  seems  both 
possible  and  probable,  however,  that  both  forms  of  inflammation  may  occur ;  au- 
thorities whose  opinions  carry  weight,  maintain  this  and  claim  that  they  possess 
observations  which  prove  it.  In  general,  however,  we  have  to  deal  here  with  as- 
sumption against  assumption.  Charcot  and  his  discii^les  do  not  hesitate  to  distin- 
guish the  interstitial  myelitis  or  sclerosis  from  the  parenchymatous  form.  In  the 
former  it  is  claimed  that  the  process  begins  in  the  connective  tissue,  the  nerve-fibres 
not  being  involved  until  the  affection  has  reached  its  later  stages;  hence  the  fibres 
and  axis-cylinders  remain  unaltered  for  a  long  time  (disseminated  sclerosis).  In  the 
latter,  on  the  contrary,  the  process  begins  with  irritation  and  degenerative  ati-ophy 
of  the  nerve-fibres  and  ganglion-cells,  and  involves  secondarily  the  interstitial  tis- 
sue (band-shaped  sclerosis  of  the  posterior  columns,  progressive  muscular  atrophy, 
probably  also  secondary  degbnerations).  It  is,  in  the  present  state  of  our  knowl- 
edge, diflUcult  to  demonstrate  the  correctness  of  this  view.  An  unprejudiced  exami- 
nation of  preparations  from  both  forms  of  the  disease  shows  that  there  are  no 
essential  differences  in  the  histological  appearances,  that  the  same  alterations  may 
occur  in  both  forms,  and  that  all  theories  concerning  the  mode  of  their  production 
are  more  or  less  gratuitous. 

Theoretically  the  thing  is  certainly  possible  and  even  probable,  but  it  can  by  no 
means  be  admitted  as  proven.  It  is,  in  fact,  very  difiicult  to  decide  the  question 
from  a  purely  anatomical  standpoint.  At  all  events,  it  does  not  seem  to  us  justifi- 
able to  confine  tlie  term  chronic  myelitis  solely  to  the  so-called  interstitial  sclerosis, 
and  to  deny  the  character  of  an  inflammatory  process  to  the  so-called  parenchyma- 
tous sclerosis.  To  us,  at  least,  it  seems  better  and  simpler  to  designate  for  the  pres- 
ent all  these  forms  together  as  scleroses,  and  to  differentiate  them  chiefly  according 
to  their  localizations. 

Another  and  a  better  differentiation  will  only  be  possible  when  a  third  ques- 
tion is  decided,  namely,  whether  the  pathological  in-ocess  in  all  these  forms  of  dis- 
ease, wliieh  histologically  present  essentially  the  same  picture,  is  actually  the  same  ? 
Whether,  consequently,  the  different  conditions  described  as  induration,  gray  degen- 
eration, multiple  sclerosis,  secondary  degeneration,  etc.,  are  to  be  ascribed  to  one 
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and  the  same  distinct  disease,  namely,  chronic  myelitis,  of  which  they  Constitute  only 
different  forms,  or  whether  they  represent  essentially  different  diseases?  In  our 
opinion  it  is  still  impossible  to  decide  this  question  with  positive  certainty.  The 
French  school  in  particular  classes  the  secondary  degenerations  with  myelitis  and 
the  band-siiajjed  scleroses.  With  all  reverence  for  the  value  of  the  evidence  fur- 
nished by  the  histological  appearances,  wo  cannot  repress  a  modest  doubt  of  the 
correctness  of  this  view,  a  doubt  which  is  based  chiefly  on  i^hysiological  and  clini- 
cal considerations.  There  is  another  point  on  which,  as  it  seems  to  me,  most  ob- 
servers agree,  and  that  is  that  the  processes  in  tabes  and  multiple  sclerosis  are  not 
entirely  identical,  but  present  certain  differences  which  cannot  as  yet  be  defined 
with  satisfactory  precision. 

There  undoubtedly  remains  much  to  be  done  in  this  department,  but  judging 
from  the  great  strides  that  have  of  late  been  made. in  the  development  of  the  path- 
ological histology  of  the  spinal  cord,  we  may  confidently  expect  that  the  concep- 
tion of  chronic  myelitis  will  be  cleared  from  its  obscurities  in  a  not  very  distant 
future. 

Pathology  of  Chronic  Myelitis. 

Symptoms. 

In  consequence  of  the  great  diversity  of  the  processes  and 
forms  of  disease,  that  are  included  under  the  terra  chronic  myeli- 
tis, it  is  difficult,  if  not  impossible,  to  draw  in  connected  strokes 
a  general  clinical  picture  of  the  affection. 

The  following  description  consequently  applies  more  to  the 
general  type  of  chronic  myelitis,  and  particularly  to  the  so  un- 
commonly frequent  myelitis  transversa,  where  one  large  focus  of 
disease  exists  at  any  height  in  the  cord,  or  where  there  are  sev- 
eral foci,  one  of  which,  however,  determines  chiefly  the  clinical 
picture. 

In  the  majority  of  the  cases  belonging  in  this  class,  there  is  a 
slow,  creeping,  almost  unnoticed  development  of  spinal  symp- 
toms, which  vary  in  nature  and  location.  Sensory  disturbances 
are  usually  the  first  to  attract  the  attention  of  the  patient,  but 
they  ordinarily  discommode  him  but  little.  They  consist  of  ab- 
normal sensations  in  the  lower,  more  rarely  in  the  upper  extrem- 
ities, paraesthesiae,  anaesthesias,  and  the  like,  which,  however,  are 
subject  to  frequent  fluctuations,  and  may  even  at  times  entirely 
disappear.    They  are  frequently  accompanied  by  a  gii-die-sensa- 
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tion  in  the  trunk  at  a  varying  height,  or  perhaps  also  in  the 
extremities.  Severe  painful  sensations  are  rare,  as  are  also 
hyperffisthesise  of  any  degree  of  severity.  All  these  symptoms 
are  exceedingly  variable  and  inconstant,  and  only  very  gradually 
attain  any  great  degree  of  intensity  and  stability. 

Slight  motor  disturbances  next  present  themselves  and  de- 
velop in  a  very  analogous  manner.  They  may,  however,  open 
the  scene.  A  feeling  of  weakness  and  of  slight  fatigue,  and  a 
certain  heaviness  and  uncertainty  of  gait,  are  the  first  symptoms 
to  attract  notice.  The  patients  are  incapable  of  making  any 
great  exertion,  and  very  quickly  become  fatigued.  These  symp- 
toms also  may  fluctuate  considerably  in  intensity;  they  are  often 
neglected  for  a  long  time  and  ascribed  to  all  possible  causes  but 
the  right  one,  until  finally,  in  common  with  the  sensory  disturb- 
ances, they  assume  graver  significance. 

Sometimes  the  disease  commences  with  vesical  wealcness,  with 
slight  incontinence  or  retention,  more  rarely  with  pronounced 
paralysis  of  the  bladder.  These  symptoms  may  exist  for  weeks 
or  months,  before  the  other  signs  of  the  disease  make  theii-  ap- 
pearance. Constipation  is  almost  always  present,  even  in  the 
earliest  stages  of  the  disease. 

After  a  time,  as  the  disease  progresses,  all  the  above-men- 
tioned symptoms  are  found  in  combination  ;  a  slow,  progressive, 
or  sometimes  an  intermittent  aggravation  of  the  symptonis  is 
noticed.  Not  unfrequently  we  observe  a  more  rapid  advance 
of  the  disease,  a  sudden,  marked  aggravation  of  the  symptoms, 
under  the  influence  of  some  injurious  agency,  such  as  over-exer- 
tion, exposure  to  cold,  sexual  excesses,  the  improper  use  of 
baths,  and  the  like.  Finally,  after  the  disease  has  lasted  a  vari- 
able time — several  months  or  even  years — the  clinical  picture  is 
thoroughly  developed,  usually  taking  the  form  of  typical  spinal 
paraplegia  with  all  its  consequences.  There  is  distinct  paral- 
ysis, varying  in  degree  from  paresis  to  complete  paralysis ;  it 
generally  takes  the  form  of  paraplegia,  but  may  assume  any  other 
possible  form.  AncBstliesia  of  greater  or  less  intensity  is  rarely 
wanting.  It  varies  in  point  of  extension,  but  usually  involves 
the  lower  extremities  and  the  trunk  up  to  a  variable  height. 
Partial  paralysis  of  sensation  and  retardation  of  the  sensory  con- 
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duction  occur.  Parses thesiae  and  dyssesthesiae  in  the  paralyzed 
parts  are  not  rare.  Usually,  however,  the  motor  is  more  intense 
than  the  sensory  paralysis.  The  sphincters  are  almost  always 
involved  ;  the  different  varieties  and  degrees  of  vesical  paralysis 
are  met  with,  and  similarly  there  may  be  mere  weakness  of  the 
sphincter  ani,  or  involuntary  and  unconscious  passages  from  the 
bowels.  A  marked  increase  of  the  reflex  activity  usually  occurs ; 
a  spontaneous  twitching  of  the  muscles^  which  is  often  accom- 
panied by  severe  pains,  and  muscular  contractions  and  contrac- 
tures, etc.,  are  also  met  with.  The  sexual  power  is  wont  to  ex- 
pire early. 

In  the  form  of  chronic  myelitis,  to  which  the  above  descrip- 
tion chiefly  applies,  the  reflex  excitability  may  he  lost  after  a 
time.  Progressive  atrophy  of  the  muscles,  changes  in  the  skin, 
nails  and  joints,  and  chronic  decubitus,  y^MCo.  all  its  consequences, 
may  also  occur.  When  vesical  derangements  exist,  cystitis 
rarely  remains  long  absent.  All  these  symptoms,  however,  are, 
as  a  rule,  developed  very  slowly,  and  only  very  gradually  attain 
dangerous  intensity  and  extent. 

The  disease  may  terminate  in  different  ways.  A  more  or  less 
complete  recovery  may  very  slowly  take  place,  or  the  affection 
may  become  stationary  and  remain  so  for  many  years,  or  a  fatal 
termination  may  be  gradually  brought  about  in  various  ways. 

The  clinical  history  is  essentially  the  same  as  that  of  the  anal- 
ogous form  of  acute  myelitis,  the  only  differences  being  the  very 
slow  and  gradual  development  of  the  disease,  the  entire  absence 
of  fever,  and  the  usually  excellent  state  of  the  general  health  of 
the  patient.  The  duration  of  the  disease  is  always  very  pro- 
tracted ;  it  must  be  reckoned  by  years. 

The  preceding  clinical  picture  applies,  as  has  been  already 
stated,  only  to  one  of  the  many  forms  of  chronic  myelitis.  It 
would  require  too  much  space,  to  describe  in  a  similar  manner 
the  other  forms,  in  which  the  seat  of  the  disease  is  different,  and 
we  must  content  ourselves  for  the  present  with  the  brief  charac- 
terization of  them  which  is  given  below.  For  further  particulars 
concerning  them,  we  must  refer  to  the  appropriate  chapters. 
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When  we  analyze  the  indmidual  symptoms  of  clironic  myeli- 
tis, we  meet  with  the  same  pathogenetic  conditions  as  in  the  acute 
disease.  A  detailed  description  and  minute  investigation  of  them 
would  consequently  only  lead  to  needless  repetitions.  Still,  there 
are  many  points,  which  it  is  necessary  for  us  to  examine  more 
closely  before  proceeding  further. 

Among  the  sensory  disturbances  the  symptoms  of  irritation 
play  a  comparatively  unimportant  role.  There  are  cases  in  which 
pain  is  entirely  absent  throughout  the  entire  course  of  the  dis- 
ease. In  other  cases,  however,  very  violent  pains  are  expe- 
rienced, particularly  during  the  stage  of  development,  or  very 
severe  paroxysms  of  pain  occur  at  intervals  during  the  entire 
course  of  the  disease.  The  spasmodic  muscular  contractions  of 
the  later  stages  are  usually  accompanied  by  very  intense  pains, 
and  I  have  seen  cases  in  which  periphei'al  sensory  irritations, 
such  as  the  dressing  of  a  bed-sore,  passing  the  catheter,  etc.,  ex- 
cited violent  radiating  pains  in  the  back  or  the  extremities.  The 
peculiar,  vibrating,  painful  sensation  produced  by  touching  the 
skin,  to  which  Charcot  has  applied  the  term  dyssesthesia,  is  also 
met  with. 

The  so-called  parcBsthesicB  are  more  frequently  observed : 
the  girdle-sensation,  formication,  numbness,  cutaneous  burning, 
furry  feeling,  etc.,  are  very  common.  Finally,  ancesthesia  is 
almost  regularly  developed  in  the  later  stages  of  the  disease ; 
there  are  cases,  however,  in  which  it  is  entirely  or  almost  en- 
tirely absent.  The  anaesthesia  may  vary  greatly  in  degree.  All 
possible  forms  of  sensory  paralysis,  from  mere  slowness  of  con- 
duction to  the  most  complete  anaesthesia,  may  occur.  It  is  not 
necessary  to  describe  these  things  in  detail ;  for  an  explanation 
of  them  we  may  refer  to  the  general  part  (p.  66  et  seq.). 

Among  the  motor  disturbances  also,  the  symptoms  of  irrita- 
tion are  of  subordinate  importance,  particularly  in  the  first 
stages.  Usually  there  is  only  an  occasional,  slight,  muscular 
twitch,  or  a  sudden  twitching  movement  of  the  legs,  or  the  like  ; 
there  may  also  be  slight  muscular  contractions  and  trembling  of 
the  legs  after  fatiguing  exertion,  or  when  the  weight  is  laid  on 
the  toes. 

The  signs  of  paralysis,  however,  are  usually  much  more  im- 
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portant  and  more  prominent.  Ordinarily,  the  first  symptoms  are 
marked  weakness,  loss  of  tone,  and  a  sense  of  fatigue.  In  the 
early  part  of  the  disease  th^se  symptoms  are  not  unfrequently 
relieved  by  moderate  movement,  such  as  walking ;  the  patients 
feel  stiffer  and  more  fatigued  at  starting  out  than  after  they  have 
walked  for  a  time.  As  the  disease  progresses  the  stiffness  and 
helplessness  become  more  marked  and  are  objectively  evident. 
The  movements  are  slow  and  stiff  ;  the  fingers  and  toes,  for  in- 
stance, can  no  longer  be  moved  about  quickly,  or  this  is  only 
possible  with  the  help  of  many  associated  movements.  The 
legs  feel  heavy,  "as  if  they  were  filled  with  lead,"  and  the  feet 
are  dragged  along  the  ground,  the  toes  readily  catching  in 
every  slight  inequality.  The  walk  has  a  pronounced  paralytic 
character. 

Gradually  both  walking  and  standing  become  impossible. 
When  the  patients  attempt  to  stand  they  collapse ;  their  legs 
can  no  longer  sustain  them.  Even  while  lying  down  the  move- 
ments become  progressively  weaker  and  less  frequent,  until 
finally,  the  case  terminates  in  complete  paralysis.  I'his  may 
vary  greatly  in  form.  In  the  great  majority  of  the  cases  it  takes 
the  form  of  paraplegia,  but  it  may  occasionally  appear  as  hemi- 
paraplegia  or  spinal  hemiplegia,  or  even  cervical  paraplegia,  etc. 

The  spastic  symptoms  may  return  again  in  a  later  stage. 
First  of  all,  a  gradually  increasing  contraction  of  the  muscles 
sets  in ;  this  is  manifest  at  first  only  during  passive  motion,  but 
it  soon  becomes  evident  also  during  the  voluntary  movements, 
which  are  impeded  and  retarded  by  it.  The  characteristic  "  spas- 
tic" walk,  which  we  have  described  elsewhere  (Part  I.,  p.  97),  is 
now  developed.  The  muscles  become  more  and  more  tense  and 
rigid,  until  finally  a  state  of  permanent  and  more  or  less  marked 
contracture  is  produced.  This  may  affect  either  the  extensors  or 
the  flexors,  the  latter  being,  as  a  rule,  attacked  only  in  the  later 
stages  of  the  disease.  The  adductors  are  likewise  almost  always 
involved.  The  stiff  and  paralyzed  limbs  are  not  unfrequently 
shaken  by  twitches  and  spasmodic  movements,  which  either 
arise  spontaneously  or  are  excited  b}'-  sensory  irritations.  These 
twitches  and  movements  are  often  exceedingly  active  and  may 
resemble  voluntary  movements;  they  are  of  ten  accompanied  by 
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severe  pains.  They  are  most  readily  excited  by  sensory  irrita- 
tions :  cutaneous  irritation,  catheterization,  micturition  or  defe- 
cation, traction  on  the  tendons,  etc.  Tliey  may  develop  into  long- 
continued,  convulsive  tremor  of  the  lower  extremities.  Sometimes 
all  voluntary  movements  are  accompanied  and  follovi^ed  by  this 
spasmodic  muscular  action. 

The  various,  special  disturbances  of  motion,  such  as  the  ataxia,  the  tremor 
accompanying  voluntary  movements,  etc.,  which  occur  in  other  distinctly  localized 
forms  of  chronic  myelitis,  will  be  described  more  minutely  in  the  appropriate 
chapters. 

All  the  motor  disturbances  are  very  readily  explained  by  the 
chronic  inflammatory  processes  going  on  in  the  motor  conduct- 
ing tracks  and  central  apparatus,  although  it  is  not  alw^ays  pos- 
sible to  determine  the  exact  point  in  the  central  nervous  system, 
at  which  these  processes  are  located.  Of  late  it  has  become  cus- 
tomary to  ascribe  the  spastic  symptoms,  which  develop  during 
the  later  stages  of  the  affection,  to  secondary  degeneration  of 
the  lateral  columns.  It  cannot  be  denied,  that  there  are  good 
grounds  for  this  assumption. 

The  naso-motor  disturhances  in  chronic  myelitis  are,  as  a  rule, 
not  of  a  very  striking  nature.  The  coldness  of  the  feet,  which  is 
very  frequently  complained  of  and  proves  very  annoying  to  the 
patients,  probably  belongs  here,  as  does  also  the  often  observed, 
cyanotic,  bluish-red  color  of  the  lower  limbs.  In  consequence 
probably  of  the  very  slow  development  of  the  obstruction  to  con- 
duction, the  vascular  innervation  is  able  to  adapt  itself  to  the  loss 
of  a  part  of  its  spinal  centres,  so  that  the  resulting  derangements 
are  not  very  marked. 

The  state  of  the  reflex  irritability  varies.  In  the  majority  of 
the  cases  it  is  increased  and  is  very  active.  Very  curious  things 
are  often  observed  in  this  connection ;  reflex  movements  of  the 
strangest  kinds  are  produced  by  irritation  of  all  imaginable  sensi- 
tive regions.  Tickling  the  soles  of  the  feet  causes  active  jerking 
and  kicking  movements  in  the  paralyzed  legs ;  colic  pains,  the 
introduction  of  a  catheter,  the  act  of  dressing  a  bed-sore,  etc., 
may  excite  movements  in  the  legs.  I  have  seen  evacuation  of  the 
urine  produced  by  irritating  the  skin  of  the  feet,  or  by  introduc- 
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ing  the  finger  into  the  rectum  ;  erections  produced  by  rubbing 
gray  ointment  into  the  thighs  ;  a  discharge  of  fjeces  occur  during 
the  dressing  of  a  bed-sore,  etc.  The  tendon-reflexes  are  also,  as 
a  rule,  abnormally  active,  often  excessively  so.  The  slightest  irri- 
tation of  the  tendon  of  the  quadriceps  extensor  femoris  causes  a 
reflex  movement,  which  can  readily  be  made  to  develop  into 
clonic  spasm.  The  most  marked  clonic  spasm  of  the  muscles  of 
the  calf  can  be  excited  by  passive  flexion  of  the  foot ;  reflex 
movements  can  also  be  produced  by  irritation  of  the  tendons  of 
the  adductors  and  of  numerous  other  muscles. 

Both  of  the  conditions  w^hich  are  known  to  lead  to  increase 
of  the  reflex  activity — destruction  of  the  connection  between  the 
reflex  apparatus  and  the  brain,  and  abnormal  irritability  of  the 
gray  substance — may  be  present  in  chronic  transverse  myelitis. 
It  is  probable  that  in  most  of  the  cases  the  increase  is  due  to  a 
combination  of  these  two  conditions. 

On  the  other  hand,  there  are  cases  in  which  the  reflex  irrita- 
bility is  diminished,  or  even  entirely  abolished.  In  such  cases 
we  must,  in  accordance  with  the  views  at  present  held,  assume 
either  that  the  gray  substance  is  very  extensively  involved,  or 
that  the  conducting  power  of  the  nerve-roots  which  come  into 
play,  is  destroyed  by  the  myelitis. 

There  is  an  unmistakable  parallelism  between  the  state  of 
the  reflex  excitability  and  the  state  of  the  electric  irritability  of 
the  nerves  and  muscles.  When  the  reflexes  persist,  the  electric 
excitability  is  also,  as  a  rule,  preserved.  In  the  majority  of  the 
cases,  I  have  found  the  latter  to  be  both  qualitatively  and  quan- 
titatively normal.  In  a  few  isolated  cases  there  was  a  distinct 
increase  in  the  faradic  and  galvanic  excitability  (without  quali- 
tative anomalies)  of  the  nerves  of  the  paralyzed  limbs ;  in  other 
cases  there  was  an  unimportant  quantitative  diminution  of  this 
excitability.  I  am  as  yet,  however,  unable  to  say,  whether  or  not 
this  pathological  state  will  alford  us  any  assistance  in  determin- 
ing the  seat,  stage,  or  course  of  the  disease. 

In  those  cases,  however,  in  which  the  reflexes  are  abolished 
in  consequence  of  extensive  implication  of  the  gra}^  substance, 
atrophy  of  the  muscles  usually  sets  in,  accompanied  by  loss  of 
their  faradic  excitability  (probably  with  the  reaction  of  degener- 
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atioii  in  the  majority  of  the  cases).  In  certain  forms  of  chronic 
myelitis,  which  we  can  witli  great  probability  locate  in  the  an- 
terior horns  of  the  gray  matter,  this  state  of  affairs  constitutes 
the  rule,  the  loss  of  electric  irritability  occurring  remarkably 
early  and  rapidly. 

Further  and  more  accurate  investigations  of  these  phenomena 
in  chronic  myelitis  are  greatly  to  be  desired. 

There  is  a  very  close  connection  between  the  electric  irrita- 
bility and  the  state  of  the  nutrition  of  the  muscles.  Usually  the 
latter  is  intact  and  good,  and  it  can  remain  so  during  the  entire 
course  of  the  disease.  In  other  cases  a  slow,  progressive  atro- 
phy of  the  muscles  sets  in  in  the  later  stages — a  sign  that  the 
gray  substance  has  become  more  extensively  involved.  In  still 
other  cases  a  rapidly  progressive  atrophy  of  the  muscles  is  ob- 
served, which  sets  in  early,  and  is  accompanied  by  the  reaction 
of  degeneration.  The  territorial  extent  of  the  atrophy  varies 
greatly  ;  it  depends  on  the  extent  of  the  central  disease.  Some- 
times the  upper  extremities  are  chiefly  or  alone  affected  by  the 
atrophy,  the  lower  limbs  presenting  simple  paralysis  without 
atrophy.  This  is  easily  accounted  for  by  differences  in  the 
condition  of  the  gray  substance  of  the  cervical  and  the  lumbar 
enlargements. 

In  regard  also  to  other  trophic  derangements,  the  individual 
cases  vary  greatly.  They  are  entirely  wanting  in  some  forms 
of  chronic  myelitis,  of  which  we  will  presently  give  brief  de- 
scriptions ;  as  a  rule,  disorders  of  sensation  and  of  the  bladder 
are  also  wanting  in  such  cases.  Frequently,  however,  and  more 
especially  in  cases  of  myelitis  transversa,  decubitus  is  devel- 
oped sooner  or  later,  generally  in  the  chronic  form  already  de- 
scribed (Part  I.,  p.  122);  sloughs  form  in  the  usual  places  of 
predilection,  their  formation  being  not  unfrequently  hastened  by 
more  or  less  accidental  agencies  (sitting  or  lying  in  the  same 
position  for  a  long  time,  unusually  severe  pressure  or  other  me- 
chanical injury,  a  long  railroad  journey,  febrile  diseases,  etc.). 
Sometimes,  when  the  patient  has  not  been  nursed  with  proper 
care,  the  attendants  will  be  astonished  by  the  unexpected  dis- 
covery of  a  bed-sore,  which  has  already  attained  large  dimen- 
sions, on  the  nates  or  over  the  sacrum.    The  sore  may  develop 
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and  spread  with  more  or  less  rapidity,  but  it  usuallj^  runs  a 
chronic  course.  When  great  attention  is  paid  to  cleanliness, 
etc.,  the  parts  first  aifected  may,  after  separation  of  the  sloughs, 
heal  up  in  the  course  of  a  few  weeks  or  months  ;  fresh  bed-sores, 
however,  constantly  form  in  other  situations,  often  in  considera- 
ble numbers,  or  the  already  cicatrized  spots  break  out  afresh  on 
the  slightest  provocation.  The  patients,  even  when  they  are 
covered  with  large  ulcers,  may,  if  carefully  nursed,  drag  out  a 
miserable  existence  for  a  long  time,  until  finally  death  ensues 
from  exhaustion.  Under  all  circumstances  the  formation  of  ex- 
tensive sloughs  is  an  unfavorable  sign ;  it  marks  the  beginning 
of  the  end.  In  some  rare  cases  large  decubitus  ulcers  may  be- 
come permanently  cicatrized,  even  though  there  be  no  noticeable 
improvement  in  the  primary  disease.  I  have  at  present  one  such 
case  under  observation.  With  respect  to  the  pathogenesis  of  the 
bed-sores  in  chronic  myelitis,  we  have  nothing  to  add  to  the  re- 
marks made  in  the  place  mentioned  above. 

In  the  forms  of  chronic  myelitis  which  more  especially  engage 
our  attention  here,  the  sphincters  are  almost  always  involved  in 
the  paralysis  to  a  greater  or  less  extent.  The  vesical  functions 
in  particular  are  almost  regularly  impaired  at  an  early  period ; 
there  are  some  exceptional  cases,  however,  in  which  the  bladder 
remains  unaffected  throughout  the  entire  course  of  the  disease. 
In  many  cases  the  vesical  paralysis  is  the  first  symptom,  and  pre- 
cedes the  other  manifestations  of  the  disease  often  by  a  consider- 
able period  (Laveran's  case).  It  may  present  any  of  the  different 
forms  and  degrees  which  have  been  enumerated  elsewhere  (Part 
I.,  p.  132) ;  it  may  vary  from  slight  retention  of  urine  to  complete 
incontinence,  or  constant  dribbling  of  urine.  The  variations  in 
the  localization  and  extent  of  the  myelitis  explain  sufficiently 
these  differences  in  the  vesical  symptoms.  Naturally,  cystitis 
with  all  its  evil  consequences,  which  render  the  nursing  and  treat- 
ment of  the  patient  so  much  more  difficult,  does  not  remain  long 
absent  under  such  circumstances.  Pyelitis  and  nephritis  may 
set  in  later,  and  hasten  the  fatal  termination.  The  functions  of 
the  rectum  usually  suffer  in  an  analogous  manner  to  those  of  the 
bladder. 

Sexual  power  is  usually  impaired  early.    As  a  rule,  it  dimin- 
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ishes  with  more  or  less  rapidity,  and  finally  disappears  entirely. 
^Notable  exceptions  to  this  rule  are  met  with,  however,  particu- 
larly in  cases  of  incomplete  paraplegia,  and  in  those  forms  of 
chronic  myelitis  which  affect  chiefly  or  exclusively  the  voluntary 
motor  apparatus. 

The  general  nutrition  often  remains  perfect  for  a  very  long 
time.  It  is  not  at  all  rare  to  meet  with  patients,  whose  blooming 
and  well-nourished  appearance  presents  a  most  striking  contrast 
to  the  state  of  perfect  helplessness,  to  which  they  are  reduced  by 
a  complete  paraplegia  or  some  other  form  of  paralysis.  This  is 
to  some  extent  characteristic  of  certain  special  forms  of  chronic 
myelitis,  which  will  presently  be  described.  In  all  the  more 
severe  and  progressive  cases,  however,  a  constantly  increasing 
disturbance  of  the  general  nutrition  is  observed,  though  usually 
not  until  after  the  development  of  cystitis  and  bed-sores.  Loss 
of  appetite,  fever,  repeated  chills,  digestive  derangements,  pro- 
gressive emaciation  and  finally  complete  exhaustion  generally 
constitute  the  final  symptoms  in  such  cases,  provided  some  inter- 
current disease  does  not  terminate  life  sooner. 

With  regard  to  the  disorders  of  the  cerebral  nerves  and  of  the 
brain  itself,  we  have  but  little  to  say.  There  are  cases  of  chronic 
myelitis,  e.  g.,  of  tabes  and  multiple  sclerosis,  in  the  clinical 
picture  of  which  disorders  of  certain  cerebral  nerves,  such  as  the 
optici,  the  nerves  of  the  muscles  of  the  eye,  the  faciales  and  the 
hypoglossi,  occupy  an  important  position  ;  there  are  other  cases, 
in  which  psychical  disturbances  and  disorders  of  speech  and  of 
the  voice  are  equally  prominent.  We  will  return  to  these  symp- 
toms in  the  appropriate  chapters.  In  the  cases  of  myelitis  trans- 
versa, however,  which  interest  us  more  especially  at  present, 
cerebral  symptoms  and  disorders  of  the  cerebral  nerves  are  usu- 
ally entirely  wanting  throughout  the  whole  course  of  the  disease, 
or,  at  most,  they  occur  during  the  agony.  Finally,  there  are 
cases  in  which  tlie  process  slowly  ascends  until  it  at  last  reaches 
the  medulla  oblongata  ;  disorders  of  deglutition,  speech,  respira- 
tion, circulation,  etc.,  are  then  produced,  and  bring  about  the 
fatal  termination.  The  sequence  and  grouping  of  these  symp- 
toms follow  naturally  from  the  functions  of  the  cervical  marrow 
and  the  oblongata,  and  it  is  unnecessary  to  describe  them  in 
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detail,  especially  as  they  present  very  great  dilferences  in  the 
individual  cases. 

Course — Duration —  Terminations 

When  the  chronic  form  of  myelitis  is  developed  from  the 
acute  form,  it  is  preceded  by  the  symptoms  of  the  latter ;  some 
of  these  symptoms  undergo  a  gradual  retrogression  and  the  gen- 
eral health  improves,  but  the  paralyses,  pains,  contractures,  etc., 
persist  and  subsequently  become  slowly  and  gradually  more 
developed. 

In  the  other  cases,  we  observe  the  slow,  lingering  development, 
which  has  been  briefly  described  above.  Of  course  the  individ- 
ual cases  do  not  resemble  each  other  exactly  in  every  particular, 
but  the  fundamental  characteristic  of  the  disease  always  remains 
the  same ;  it  is  the  successive,  gradual  appearance  of  the  various 
spinal  symptoms,  their  development  from  insignificant  begin- 
nings which  often  attract  little  or  no  attention.  Sometimes  the 
development  of  the  affection,  instead  of  being  continuous,  is  in- 
terrupted by  intervals  of  more  or  less  marked  improvement; 
these  alternate  with  exacerbations  and  slight  relapses,  each  of 
which  leaves  its  mark  in  an  increase  of  the  disturbances. 

When  the  disease  has  attained  a  certain  height  it  may  remain 
stationary  for  many  months  or  even  years,  or  it  may  slowly  pro- 
gress and  terminate  in  different  ways.  The  great  multiplicity 
of  the  morbid  conditions  included  under  the  term  chronic  mye- 
litis, makes  it  impossible  to  give  even  an  approximate  estimate 
of  the  duration  of  the  disease.  All  we  can  say  is  that  it  is  an 
affection  whose  duration  can  only  be  measured  by  years.  In  not 
a  few  cases,  many  years  elapse  before  the  final  termination  is 
reached,  while  in  others  the  disease  may  persist  during  the  life- 
time of  the  patients,  without  directly  threatening  existence. 

It  very  rarely  terminates  in  reconery,  and  when  it  does  the  cure 
is  usually  exceedingly  incomplete.  Moreover,  relapses  are  very 
liable  to  occur,  and  they  furnish  good  reason  to  doubt  the  reality 
of  the  cure.  Various  residua,  such  as  paralyses,  atrophies,  par- 
tial ansesthesias,  deformities,  vesical  disorders,  etc.,  often  remain 
behind  permanently,  even  when  the  actual  morbid  process  has 
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undoubtedly  ceased  ;  Ijence  the  recovery  must  be  regarded  as  in- 
complete. 

In  one  relatively  mild  case  that  came  under  my  own  observa- 
tion, an  intercurrent  ileo-typlius  exerted  a  very  favorable  infia- 
ence  on  the  course  of  the  disease.  In  another  case,  an  inter- 
current scarlatina  seemed  to  exert  a  similarly  favorable  influence. 

A  &\ovf  progressive  course,  leading  graduall}^  and  in  different 
ways  to  tx, fatal  termination,  is,  however,  so  much  more  common 
as  to  be  almost  the  rule.  The  process  may  slowly  creep  upwards, 
until,  at  last,  disturbances  of  deglutition  and  respiration  set  in, 
and  death  is  caused  by  asphyxia.  Or  the  secondary  affections 
caused  by  the  myelitis,  the  decubitus,  cystitis,  pj^eemic  and  septi- 
cemic infection,  etc.,  destroy  the  vital  powers  of  the  patient  and 
lead  to  death  by  exhaustion.  In  such  cases  we  sometimes  ob- 
serve a  peculiar  final  stage,  or  stage  of  agony,  in  which  death  is 
preceded  for  days  by  high  fever,  chills,  somnolence,  delirium, 
signs  of  collapse,  etc.,  for  which  the  autopsy  reveals  no  cause. 
Finally,  death  may  be  due  to  the  development  in  the  medulla 
oblongata  or  in  the  brain  of  a  process  analogous  to  the  myelitis, 
or  it  may  be  caused  by  accidental,  intercurrent  diseases  (pneu- 
monia, typhus,  choleraic  diarrhoea,  etc.). 

Different  Forms  of  CJironic  Myelitis. 

In  what  precedes  we  have  sought  to  delineate  the  clinical  his- 
tory of  myelitis  transversa ;  if  we  exclude  from  consideration 
those  well-marked  forms,  which  are  sharply  localized  in  particular 
parts  of  the  cord,  and  to  which  special  chapters  will  be  devoted, 
it  is  the  most  common  and  typical  form  of  the  affection  known  as 
chronic  myelitis  in  its  narrower  sense.  To  briefly  recapitulate, 
the  typical  picture  of  myelitis  transversa  is  about  as  follows  : 

Slow  development  and  persistence  of  spinal  symptoms,  which 
vary  according  to  the  height  at  which  the  disease  in  the  cord  is 
located;  symptoms  of  irritation  not  very  prominent;  girdle- 
pains,  pains  in  the  back  and  paraesthesise,  indicating  the  seat  of 
the  disease  ;  signs  of  sensory  and  motor  paralyses  occurring  to- 
gether or  in  succession ;  early  development  of  a  more  or  less 

complete  paraplegia,  the  upper  limit  of  which  can  usually  be 
VOL.  XIII.— 39 
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readily  determined  by  tlie  disturbances  of  sensation  and  motion  ; 
weakness  of  the  bladder  and  rectum  ;  reflex  irritability  usually 
increased  ;  general  health  good  until  the  later  stages,  when  it  is 
impaired  by  the  cystitis  and  bed-sores. 

The  symptoms  vary  somewhat,  according  to  the  location  of 
the  morbid  process  in  the  cord.  When  the  lumbar  enlargement 
is  affected,  we  find  complete  paraplegia  extending  up  to  the 
hypogastric  region,  anaesthesia  of  equal  extent,  paralysis  of  the 
bladder  and  rectum,  loss  of  reflex  excitabilit}'-,  and  usually  mus- 
cular atrophy.    Bed-sores  develop  early. 

When  the  process  is  located  in  the  dorsal  region  of  the  cord, 
paraplegia  also  exists,  but  the  sensory  and  motor  paralysis  ex- 
tends higher  up — to  the  level  of  the  nipples  or  even  further  ;  the 
muscles  of  the  abdomen  and  back  are  involved.  Expiration  is 
impeded.  Paralysis  of  the  sphincters,  bed-sores,  etc.,  as  in  the 
preceding  form  ;  characteristic  of  the  dorsal  affection,  however, 
are  the  often  very  marked  increase  of  the  reflex  actions,  the  ab- 
sence of  muscular  atrophy,  and  the  appearance  in  the  later 
stages  of  signs  of  irritation,  contractures  etc.,  in  the  muscles. 

When  the  cervical  enlargement  is  the  seat  of  the  disease,  the 
usual  initial  symptoms  are  observed,  but  they  affect  principally 
the  upper  extremities,  and  the  paralysis  which  follows  frequently 
takes  the  form  of  paraplegia  brachialis — the  hands  and  arms  are 
affected  first  and  chiefly,  the  paralysis  of  the  legs  not  appearing 
until  later.  When  the  affection  is  at  its  height,  all  the  four  ex- 
tremities are  more  or  less  completely  paralyzed.  Paralysis  of  the 
sphincters,  decubitus,  and  increase  of  the  reflexes  in  the  lower 
extremities,  are  present  here  as  well  as  in  m3^elitis  of  the  dorsal 
region ;  the  impeded  inspiration,  the  oculo-pupillar  symptoms, 
and  the  atrophy  of  the  upper  extremities  with  extinction  of  their 
reflex  activity,  are,  however,  characteristic  of  the  cervical  affec- 
tion. In  consequence  of  the  loss  of  their  reflex  activity,  the 
upper  present  a  striking  contrast  to  the  lower  limbs.  The  electric 
irritability  is  diminished  or  destroyed  in  the  atrophied  muscles. 

When  only  the  topper  part  of  the  cervical  marrow  is  attacked, 
the  clinical  picture  varies  somewhat  from  the  above.  There  is 
paralysis  of  all  four  extremities,  it  is  true,  but  the  nutrition  of 
the  upper  limbs  remains  intact,  and  their  reflex  activity  is  rather 
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increased  than  diminished.  Moreover,  severe  disturbances  of 
respiration  (paralysis  of  the  diaphragm),  difficulty  of  swallowing, 
impairments  of  speech,  vomiting,  singultus,  etc.,  occur  which  im- 
part an  exceedingly  threatening  character  to  the  clinical  picture. 

A  particularly  common  form  of  chronic  myelitis  is  the  so-called 
coTiipresslon-myelitis,  which  occurs  in  connection  with  any  dis- 
ease, that  occasions  a  slow  compression  of  the  cord.  We  have 
given  a  detailed  account  of  this  form  of  the  affection  in  another 
place  (p.  320),  to  which  the  inquirer  is  referred.  We  shall  con- 
tent ourselves  here  with  the  statements,  that  the  clinical  pic- 
ture corresponds  perfectly  with  that  of  spontaneous  transverse 
myelitis,  and  that  the  only  thing,  which  is  at  all  distinctive  and 
characteristic  of  a  compression-myelitis,  is  the  existence  for  a 
variable  period  preceding  its  development,  of  initial  symptoms 
referable  to  some  particular  portion  of  the  cord  (severe  pains 
and  cramps,  local  paralysis,  atrophy,  or  anaesthesia,  dorsal  pain 
and  stiffness,  local  hyperaesthesia,  etc.). 

The  form  of  chronic  myelitis  which  is  confined  to  the  anterior 
horns  of  the  gray  matter,  'poliomyelitis  anterior  chronica  (see 
Section  No.  16)  is,  as  a  rule,  readily  recognized.  It  is  character- 
ized by  a  slowly  increasing  weakness  and  paralysis  of  the  limbs, 
which  advances  progressively  from  below  upwards ;  by  distinct 
and  sometimes  rapid  atrophy  of  the  muscles,  with  loss  of  the 
faradic  irritability  (and  probably  with  development  of  the  reac- 
tion of  degeneration) ;  by  the  absence,  or  the  very  slight  develop- 
ment of  the  sensory  disturbances,  which  frequently  exist  only 
in  the  initial  stage,  in  the  form  of  dragging  and  tearing  pains ; 
also  by  the  extinction  of  the  reflexes,  and  the  complete  absence 
of  decubitus  and  of  vesical  weakness.  This  is  the  affection  which 
Duchenne  has  described  under  the  name  "  Paralysie  generale 
spinale  antorieure  subaigue,"  the  localization  of  which  in  the 
anterior  gray  substance  is  at  all  events  exceedingly  probable. 

It  is  as  yet  impossible  to  give  an  accurate  clinical  description 
of  that  form  of  chronic  myelitis,  which  is  limited  to  the  central 
gray  substance,  and  to  which  the  name  myelitis  centralis  has 
been  given.  This  form  is  the  myelite  periependymaire  of  the 
French,  and  it  probably  includes  also  a  portion  of  the  cases  of 
hydromyelie  and  syringomyelie.   Many  cases  present  absolutely 
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no  sj^mptoms,  wliile  others,  as  it  appears,  present  the  clinical  pic- 
ture of  j)rogressive  muscular  atrophy,  but  with  more  prominent 
paralytic  symptoms.  Hallopeau  ascribes  to  this  form  of  the  dis- 
ease, circumscribed  paralyses  of  different  parts  with  atrophy  and 
loss  of  electric  irritability,  vague  pains,  very  little  or  absolutely 
no  anaesthesia,  sometimes  tremor,  and  the  like.  The  clinical  pic- 
ture is  consequently  so  exceedingly  vague  and  uncertain,  that  a 
positive  diagnosis  cannot  be  made  from  it. 

In  some  cases  the  chronic  myelitis  gradually  extends  until  it 
involves  the  entire  cord  ;  it  may  then  be  termed  myelitis  univer- 
salis progressiva.  This  form  is  characterized  by  progressive 
weakness  and  paralysis  of  the  muscles,  extending  slowly  from 
below  upward,  rarely  in  the  reversed  direction,  while  the  muscu- 
lar contractions  and  contractures,  and  also  the  atrophy  of  the 
muscles,  are  les.s  pronounced  ;  the  electric  irritability  disappears 
slowly.  The  reflexes  are  usuall}'"  diminished.  There  are  more 
or  less  violent  pains  in  the  back,  trunk  and  extremities,  dys- 
sestliesise  and  parsesthesise  and  later  on  marked  anaesthesia, 
paraly  sis  of  the  sphincters,  and  bed-sores.  The  clinical  picture 
is  consequently  essentially  that  of  Duchenne's  "paralysie  gene- 
rale  spinale  diffiise  subaigue,"  the  individual  cases,  of  course, 
presenting  countless  modifications,  according  to  the  stage  and 
the  extent  of  the  process. 

The  clinical  history  of  myelitis  clironica  disseminata,  or 
multiple  sclerosis,  which  will  be  described  in  detail  in  another 
place  (No.  11),  is  in  some  cases  very  characteristic,  and  in  others 
just  the  contrar^^.  The  reason  of  this  is  that  the  grouping  and 
character  of  the  symptoms  depend  entirely  on  the  accidental 
locations  of  the  different  centres  of  disease.  The  numerous, 
concomitant  cerebral  symptoms,  the  psychical  disturbances,  the 
X)eculiar  impairments  of  speech,  and  the  affections  of  different 
cerebral  nerves,  are  particularly  important  ;  so  are  also  the  very 
irregular  distribution  of  the  paral3^ses,  the  peculiar  and  varying 
range  of  the  anaesthesia,  the  trembling  of  the  limbs  during  volun- 
tary movement,  etc. 

That  form  of  chronic  myelitis  which  is  confined  to  the  poste- 
rior white  columns,  and  is  usually  designated  as  iahes  dorsaUs 
(gray  degeneration  or  sclerosis  of  the  posterior  columns),  will 
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be  described  in  detail  in  a  subsequent  chapter  (No.  12).  It  is 
characterized,  in  the  early  stages,  by  severe  lancinating  pains, 
slight  disturbances  of  sensation,  a  girdle-sensation,  and  not  un- 
frequently  by  implication  of  the  optici  and  the  nerves  supplying 
the  ocular  muscles  ;  in  the  later  stages,  by  impairment  of  co-or- 
dination (ataxia),  weakness  of  the  bladder  and  of  the  sexual 
functions,  loss  of  the  tendon-reflexes,  etc. 

An  essentially  dilferent  clinical  history  is,  on  the  other  hand, 
presented  by  that  form  of  chronic  myelitis  called  lateral  sclero- 
sis^ in  which  the  morbid  process  can  with  great  probability  be 
located  in  the  lateral  columns.  Here  we  have  a  motor  weakness, 
which  gradually  increases  in  intensity  and  range,  and  is  accom- 
panied by  striking  muscular  contractions  and  contractures,  and 
by  great  increase  of  the  tendon-reflexes.  There  is  no  ataxia,  but 
instead  of  it  a  markedly  spastic  gait ;  no  disorder  of  sensation, 
no  atrophy  of  the  muscles,  no  diminution  of  their  electric  irrita- 
bility, no  paralysis  of  the  bladder,  no  decubitus.  This  form,  too, 
must  be  made  the  subject  of  special  consideration  (see  No.  13). 

Finally,  it  is  very  difficult  to  recognize  during  life  that  form 
of  myelitis  which  is  localized  in  the  peripheral  layers  of  the 
white  substance,  and  which  is  perhaps  most  correctly  designated 

myelomeningitis  clironica  (the  sclerose  cortical e  of  the  French). 
It  may  be  recognized  in  a  few  cases  by  the  fact  that  the  symp- 
toms of  chronic  meningitis  (see  p.  255)  are  accompanied  by  some- 
what more  pronounced  manifestations  of  both  sensory  and  mo- 
tor paralysis.  It  is  said  that  muscular  atrophy,  as  a  rule,  does 
not  occur.  These  points  are  not  very  safe  or  reliable  from  a 
diagnostic  point  of  view. 

LEEDS  ^WEST-RIDING 

^'''^''''^^^•Wi.DICO-CHlRURGICAL  SOCIETY 
The  diagnosis  of  the  different  forms  of  chronic  myelitis  is 
to  a  great  extent  evident  from  the  preceding  descriptions,  and  for 
further  details  we  may  refer  to  the  special  chapters  which  follow. 
We  must  make  place  here,  however,  for  a  few  words  concerning 
the  simple,  chronic  myelitis  transversa.  It  is  characterized  by 
slow  development  of  paraplegia  with  relatively  slight  irritative 
symptoms,  but  with  more  or  less  marked  disturbances  of  sensa- 
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tion  and  of  the  bladder ;  usually  also  witli  muscular  contrac- 
tions, increased  reflexes,  and  decubitus.  Hence,  all,  or  at  least 
most  of  the  paths  in  the  cross-section  of  the  cord  are  included  in 
the  lesion,  though  with  varying  degrees  of  intensity.  The  pro- 
cess, however,  is  limited  to  a  relatively  small  area  in  a  vertical 
direction,  a  fact  which  can  be  most  readily  recognized  from  the 
state  of  the  reflex  irritability.  The  affection  is  but  slightly  pro- 
gressive in  character,  and  runs  a  tedious  course.  The  diagnosis 
of  transverse  myelitis  can  readily  be  made  from  these  points,  all 
the  more  certainly  if  the  existence  of  such  etiological  influences 
as  slow  compression,  syphilis,  and  the  like,  can  be  demonstrated. 
The  height  at  which  the  lesion  is  located  in  the  cord  can  usually 
be  easily  determined  from  the  range  of  the  paralysis,  the  state 
of  the  reflex  and  electric  irritability  and  of  the  nutrition,  etc. 

The  differentiation  of  transverse  myelitis  from  the  other  forms 
of  the  affection,  from  the  later  stages  of  tabes,  from  lateral  scle- 
rosis, from  multiple  sclerosis,  and  also  from  progressive  muscular 
atrophy  and  from  paralyses  of  the  cauda  equina,  is  in  most 
cases  easy.  Still  there  are  many  cases  of  peripheral  paralysis 
due  to  affections  of  the  plexus  or  of  the  cauda  equina,  to  com- 
pression of  a  number  of  the  nerve-roots,  etc.,  in  which  the  differ- 
entiation from  chronic  myelitis  is  very  difficult.  In  the  diagnosis 
of  such  cases,  the  co-equal  extension  of  the  motor  and  sensory 
disturbances,  the  absence  of  all  reflexes,  the  loss  of  electric  irri- 
tability, the  limitation  of  the  disturbances  to  certain  isolated 
nerve-territories,  etc.,  may  be  turned  to  good  account. 

There  still  remain,  however,  numerous  complicated  and  per- 
haps irregular  cases,  in  which  an  exact  diagnosis  of  the  special 
form  of  the  disease  is  downright  impossible.  This  leads  us  to  say  a 
few  words  concerning  a  point  to  which,  despite  its  great  impor- 
tance, too  little  attention  has  been  paid  in  practice,  and  to  the 
disregard  of  which  a  great  part  of  the  obscurity  and  confusion 
in  the  accepted  clinical  conceptions  of  the  disease  is  due.  It  is 
the  simple  fact,  that  the  myelitic  processes,  described  in  the 
preceding  pages  as  strictly  localized  in  particular  parts  of  the 
cross-section  of  the  cord,  do  not  by  any  means  always  remain 
limited  to  these  particular  parts,  but  often  extend  beyond  them 
and  involve  neighboring  parts ;  that,  in  other  words,  in  addi- 
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tion  to  the  special  forms  of  chronic  myelitis,  transition-forms 
exist  and  combinations  occur  which  are  of  course  cluiracterized 
by  combinations  of  the  clinical  histories.  Wliile,  in  the  very 
great  majority  of  the  cases,  sclerosis  of  the  posterior  columns 
gives  rise  to  the  typical  clinical  picture  of  tabes,  while  the  regu- 
lar form  of  sclerosis  of  the  lateral  columns,  as  a  rule,  remains 
limited  to  the  lateral  columns  and  produces  its  own  special 
symptoms,  while  poliomyelitis  anterior  chronica  has  its  own  dis- 
tinct clinical  history,  we  meet  in  practice  with  not  a  few  cases  in 
which  the  t3'"pical  symptoms  of  tabes  are  combined  with  those  of 
sclerosis  of  the  lateral  columns,  as  well  as  cases  in  which  the  symp- 
toms of  a  poliomyelitis  anterior  are  added  to  those  of  a  lateral 
sclerosis  or  of  a  tabes.  Pathological  anatomy  has  alread}'-  fur- 
nished a  sufficient  explanation  of  this  fact.  A  number  of  reliable 
observations  have  been  recorded,  in  which  the  anatomical  exami- 
nation demonstrated  the  co-existence  of  gray  degeneration  of  the 
posterior  and  of  the  lateral  columns,  or  the  combination  of  an 
extensive  lesion  of  the  anterior  gray  substance  with  sclerosis  of 
the  posterior  or  lateral  columns.  Careless  investigations  and  an 
insufficient  acquaintance  with  these  facts  have  naturally  led  to 
the  incorrect  conclusion,  that  lesions  of  special  parts  of  the  cross- 
section  of  the  cord  do  not  give  rise  to  special  groups  of  sj'-mp- 
toms,  but  that  on  the  contrary  these  lesions  can  cause  sometimes 
one  and  sometimes  another  set  of  symptoms.  The  knowledge 
wliich  is  now  possessed  of  the  pathology  of  the  cord,  teaches  us, 
however,  that  each  typical  clinical  picture  must  correspond  to 
some  distinct  anatomical  lesion,  and  that  where  we  meet  with  a 
combination  of  different  clinical  pictures,  we  must  also  assume 
a  combination  of  different  anatomical  lesions.  Valuable  confirma- 
tion of  this  statement  is  furnished  by  the  striking  conformity  of 
the  typical  cases  of  each  particular  form  of  the  disease.  These 
combined  forms  are  not  at  all  rare,  although  they  certainly  con- 
stitute but  a  small  minority  in  comparison  with  the  pure,  typical 
cases  of  each  form.  It  is  true,  that  we  cannot  hope  to  be  able 
to  recognize  these  typical  clinical  pictures  whenever  met  with, 
even  when  more  or  less  confused  by  combination  with  one  an- 
other, without  a  careful  observation  and  study  of  an  abundant 
material.    Without  this  preparation,  the  differential  diagnosis  of 


456   EKB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

sucli  cases  will  prove  very  troublesome,  and  we,sliall  have  reason 
to  complain  of  the  obscurity  and  ambiguity  of  the  clinical  his- 
tories, while  with  it  we  shall  be  able  to  take  a  more  decided  stand, 
and  to  r<3Solve  the  combination  pictures  more  readily  into  their 
various  component  parts.  That  every  case  of  this  sort  requires  a 
special  diagnosis,  and  that  countless  modifications  are  possible, 
are  self-evident  facts.  We  will  return  to  these  points  again  when 
speaking  of  the  individual  forms  of  the  disease. 

Prognosis. 

The  prognosis  varies  very  greatly  in  the  different  forms  of 
chronic  myelitis ;  for  details,  we  may  refer  to  the  appropriate 
chapters.  In  simple  chronic  myelitis  transversa  the  prognosis  is 
in  general  unfavorable.  The  affection  is  always  a  severe  and  a 
dangerous  one,  and  the  best  that  can  be  hoped  for  is  recovery 
with  a  heritage  of  considerable  residua.  A  real  and  complete 
recovery  can  only  be  looked  for  in  exceptional  cases,  where  the 
disease  is  very  mild  and  has  developed  in  otherwise  healthy  per- 
sons, and  where,  moreover,  treatment  has  been  begun  in  the  earli- 
est stages. 

Only  rarely,  also,  will  it  be  possible  to  predict  a  partial  recov- 
ery, followed  by  a  persistence  of  the  status  quo  for  many  years  or 
until  the  natural  end  of  life.  In  such  cases  a  complete  recovery 
of  power  over  the  limbs  can  never  be  expected.  In  the  majority 
of  the  cases  a  slow,  progressive  course  must  be  looked  for,  and 
usually  only  a  few  years  of  life  can  be  promised  to  the  patients. 

The  prognosis  will  be  partly  determined  or  influenced  by  the 
more  or  less  progressive  and  ascending  character  of  the  disease, 
by  the  tendency  to  aggravations  and  relapses  which  sometimes 
exists,  by  the  effect  produced  by  certain  therapeutic  measures, 
and  finally,  by  the  more  secondary  symptoms,  particularly  the 
cystitis  and  decubitus  which  most  frequently  place  life  in  dan- 
ger. None  of  these  points  require  a  more  extended  considera- 
tion. 
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Treatment. 

Is  there  any  'prophylaxis  for  cJironic  myelitis  ?  Unquestion- 
ably, though  only  to  a  certain,  very  limited  degree.  The  pre- 
cautionary measures,  which  in  general  prove  useful  in  preventing 
the  development  of  diseases  of  the  cord,  are  serviceable  here  also. 
Their  employment  is  advisable  particularly  in  the  case  of  the 
numerous  individuals,  who  belong  to  neuropathic  families,  and 
more  especially  when  affections  of  the  spinal  cord  have  occurred 
in  the  generations  immediately  preceding.  In  such  individuals, 
more  even  than  in  others,  the  most  beneficial  effects  will  be  de- 
rived from  a  rational  hardening  of  the  body  (by  means  of  cold 
sponging,  baths,  gymnastics,  exercise  in  the  open  air,  pedestrian 
excursions,  nourishing  diet,  proper  but  not  too  warm  clothing, 
etc.),  and  from  appropriate  hygiene  of  the  nermus  system  (proper 
alternation  of  rest  and  work,  avoidance  of  mental  overexertion 
and  of  violent  emotional  excitement,  sufficient  sleep,  etc.).  The 
avoidan-ce  of  sexual  excesses,  of  spirituous  drinks  and  other 
irritating  articles,  of  bodily  overexertion,  of  the  causes  of  catch- 
ing cold,  etc.,  will  also  assist  to  a  certain  extent  in  keeping  the 
spinal  cord  in  a  state  of  health.  Unquestionably,  much  would 
be  gained  in  many  of  these  cases,  if  the  physician  could  induce 
the  individuals  in  question  to  follow  out  strictly  the  above  pre- 
cautionary measures.  Unfortunatel}^,  however,  we  can  rarely 
succeed  in  this. 

In  respect  to  the  causal  indication  in  chronic  myelitis,  it  is 
only  in  isolated  cases  that  anything  can  be  done.  In  this  con- 
nection, the  importance  of  a  careful  treatment  of  acute  myelitis, 
continued  until  recovery  is  complete,  must  be  alhided  to.  In  other 
cases  there  may  be  some  compressing  agent  (caries  of  the  verte- 
bne,  new  growths,  etc.),  which  we  must  endeavor  to  remove  ;  or 
a  syphilis,  which  forms  the  basis  of  the  spinal  affection,  must  be 
energetically  attacked ;  or  diseases  of  peripheral  organs,  of  the 
intestines,  or  of  the  urinary  or  sexual  organs,  must  be  subjected 
to  proper  treatment.  When,  in  addition  to  hemorrhoids,  a  ten- 
dency to  constipation,  dyspepsia,  etc.,  exist,  the  appropriate 
treatment  for  them  should  be  employed  ;  the  favorable  results 
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obtained  in  many  cases  of  chronic  myelitis  (so-called  hemor- 
rhoidal tabes),  by  a  course  of  treatment  at  saline  springs,  may 
perhaps  be  accounted  for  by  its  influence  on  these  derangements. 
Usually,  however,  in  consequence  of  the  slow  and  lingering  man- 
ner in  which  the  disease  is  developed,  it  is  impossible  to  discover 
any  causal  indication,  or,  if  discovered,  to  carry  it  out. 

For  the  treatment  of  the  disease  when  it  has  developed  to  a 
certain  degree,  we  possess,  it  is  true,  numerous  remedies,  but  we 
must  not  deceive  ourselves  with  regard  to  their  efficiency. 
Chronic  myelitis,  in  all  its  different  forms,  is  a  disease  from 
which  recovery  is  rare,  and  in  the  best  cases  slow.  The  earlier 
the  treatment  is  begun,  the  better  are  the  prospects  of  a  favora- 
ble termination.  Hence,  it  is  particularly  important,  that  notice 
should  be  taken  of  the  earliest  and  even  the  most  trifling  of  the 
initial  symptoms,  and  an  energetic  and  appropriate  treatment  at 
once  commenced.  It  is  better  to  be  too  careful  and  anxious,  and 
to  ascribe  excessive  importance  to  trifling  and  perhaps  harmless 
symptoms,  than  to  suffer  the  patient  and  ourselves  to  be  de- 
ceived concerning  the  gravity  of  the  initial  symptoms,  and  thus 
give  the  creeping  evil  time  to  develop  into  a  dangerous  and  un- 
conquerable foe. 

We  shall  rarely  have  an  opportunity  to  em^Aoj  antiplilogistic 
measures.  The  development  of  the  disease  is  much  too  linger- 
ing to  permit  their  employment ;  the  symptoms  of  hj^Dememia 
and  irritation  remain  more  in  the  background.  Hence,  blood- 
letting, ice,  confinement  to  bed,  drastic  cathartics,  depressing 
diet,  and  the  like,  should  be  avoided.  These  measures  will  only 
be  indicated,  when  subacute  or  acute  exacerbations  occur.  Under 
such  circumstances,  the  treatment  laid  down  for  acute  myelitis 
should  be  employed. 

The  much  used  and  often  misused  derivative  measures  will 
naturally  be  the  next  to  be  thought  of.  Unfortunately,  ex- 
perience teaches  that  they  prove,  as  a  rule,  of  very  little  use.  In 
former  times  they  were  invariably  emplo^'ed,  and  in  a  very 
energetic  manner  ;  the  red-hot  iron  was  an  especial  favorite,  and 
all  sufferers  from  spinal  disease  bore  the  marks  of  it  in  numerous 
cicatrices  on  the  back.  The  results  produced  by  these  measures 
were  entirely  disproportionate  to  the  frequency  and  energy  with 
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wliicli  they  were  employed.  The  persistent  employment  of 
milder  derivatives  (repeated  Hying  or  suppurating  blisters,  pus- 
tulating salves,  painting  with  iodine,  etc.)  has  also  proved,  as  a 
rule,  of  little  use.  Personally  I  do  not  remember  to  have  ever 
obtained  any  distinct  advantage  from  the  employment  of  these 
remedies,  though,  it  is  true,  my  experience  with  them  has  not 
been  particularly  extensive.  Our  attention  is,  however,  directed 
to  them  over  and  over  again  by  the  favorable  results  they  pro- 
duce in  other  diseases,  and  perhaps  fresh  trials  of  them  are  now 
more  admissible,  in  view  of  the  facts  that  we  can  diagnose  the 
different  forms  of  the  disease  more  positively,  and  can  also  pick 
out  more  readily  the  cases  which  present  any  chance  of  success. 
Such  trials,  however,  should  be  carried  out  in  a  systematic 
manner,  and  with  exclusion  of  other  remedies. 

We  recommend  as  a  relatively  harmless,  and  still  in  many 
cases  decidedly  efficient  derivative  measure,  the  application  of 
dry  cups  along  the  spine,  repeated  every  few  days.  Brown- 
Sequard  praises  highly  the  daily  employment  of  a  hot  (37-40° 
C,  98.5°-104°  F.)  douche  to  the  back,  for  two  or  three  minutes 
at  a  time  ;  the  stream  should  be  nearly  an  inch  in  diameter. 

In  the  treatment  of  chronic  myelitis  at  the  present  day  (we 
are  speaking  now  of  all  the  forms  together,  referring  to  the 
special  accounts  of  the  different  forms  for  further  details),  the 
chief  reliance  is  placed  on  three  curative  agencies.  These  are 
baths  (particularly  the  thermae,  hot  and  cold  brine  baths,  and  to 
a  less  degree  steel-baths),  7iydropat7iy,  and  galvanism.  We  have 
already  (in  the  General  Part,  p.  164  et  seq.)  spoken  at  length  of 
these  things,  and  endeavored  to  determine  with  some  degree  of 
accuracy  the  general  indications  for  their  employment,  and  we 
have  only  to  add  here  a  few  points  bearing  directly  on  their 
use  in  chronic  myelitis. 

In  order  to  attain  an  approximately  correct  idea  of  the  action 
of  these  agents,  I  have  made  out  a  table  from  the  cases  of 
chronic  myelitis  (in  all  its  forms,  inclusive  of  multiple  sclerosis, 
lateral  sclerosis  and  sclerosis  of  the  posterior  columns),  that 
have  come  under  my  own  observation,  of  which  I  have  notes  of 
the  treatment  and  its  effects.  This  table  includes  175  different 
observations  that  were  made  on  107  different  cases.    It  is  true 
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that  tliis  material  is  not  homogeneous.  It  contains  a  large 
number  of  hospital  cases,  and  many  old  and  severe  cases  that 
defied  all  treatment ;  most  of  them  were  treated  solely  by  elec- 
tricity ;  many  of  them  have  undergone  several  courses  of  treat- 
ment, and  have  thus  afforded  opportunity  for  repeated  observa- 
tion. With  all  this,  however,  some  important  points,  which  I 
would  gladly  see  made  the  subject  of  further  investigations,  can 
be  gathered  from  this  table. 

In  the  first  place,  the  result  of  my  collation  of  facts  is  decid- 
edly unfavorable  for  the  indifferent  thermce,  (Wildbad,  Teplitz, 
etc.).  Out  of  twenty-two  cases  in  which  these  therma3  were  em- 
ploj^ed,  there  were  no  less  than  twelve  which  were  decidedly  in- 
jured by  them  ;  in  these  cases  an  aggravation  of  the  disease  set 
in  during  or  immediately  after  the  course  of  treatment  by  baths. 
Of  the  remaining  ten  cases,  seven  experienced  no  change  at  all, 
and  only  in  three  was  there  any  improvement ;  one  of  these  was 
cured.  In  two  of  the  three  cases  which  were  improved,  the  baths 
were,  however,  cooler,  of  shorter  duration,  and  less  numerous. 
These  observations  coincide  with  the  experience  of  most  spe- 
cialists. The  results  are  at  all  events  not  encouraging  ;  they 
take  away  all  desire  to  send  such  patients  to  the  thermal  springs, 
which  was  formerly  the  universal  custom,  and  is  even  yet  fre- 
quently done.  If  the  physicians  located  at  watering-places  could 
be  induced  to  publish  unprejudiced  and  careful  observations, 
based  on  correct  diagnoses,  a  great  desideratum  would  be  ful- 
filled. At  all  events,  I  no  longer  risk  a  trial  of  the  thermae  in 
these  cases,  except  when  I  have  guarantees  for  the  most  cautious 
employment  of  a  modified  course  of  baths.  The  temperature  of 
the  bath  should  never  be  above  33°-34°  C.  (91f-93^°  F.),  and 
prolonged  immersion  should  be  avoided.  If  I  were  to  attempt  to 
pick  out  the  actual  cases  for  which  the  thermse  are  suitable,  I 
should  find  myself  in  a  difficult  position.  It  is  usually  stated 
that  the  cases  with  prominent  irritative  symptoms,  with  hyper- 
sesthesia,  with  meningitic  symptoms,  etc.,  are  especially  benefited 
by  them.  I  must  confess,  however,  that  without  further  critical 
observations,  I  cannot  regard  these  indications  as  reliable.  At 
present  I  would  only  recommend  a  trial  of  hot  baths  after  other 
remedies  have  failed,  and  even  then  only  with  every  precaution. 
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My  experience  lias  been  raucli  more  favorable  with  the  tliermal 
brine  baths  (Rehme,  Nauheim).  I  possess  notes  of  twenty-one 
cases  ;  of  these  twelve  were  improved  by  the  course  of  treatment, 
nine  received  no  benefit  from  it,  but  none  were  rendered  worse. 
Here,  too,  I  am  convinced  that  much  depends  on  the  manner 
in  which  the  treatment  is  carried  out,  on  the  temperature  and 
duration  of  the  baths.  It  is  advisable  that  they  should  be  of 
a  moderate  temperature  (30-26°  C— 86-78f°  F.)  and  not  too 
prolonged,  and  that  the  water  should  not  contain  an  excessive 
quantity  of  carbonic  acid.  Any  increase  in  the  activity  of  the 
treatment  must  be  made  with  great  caution.  These  baths  are 
suitable  for  most  of  the  cases.  At  the  most,  I  would  hesitate  to 
recommend  them  for  cases  attended  by  great  irritability,  violent 
pains  and  other  symptoms  of  irritation. 

I  have  had  no  experience  at  all  with  the  ordinary  brine-baths^ 
and  very  little  with  chalybeate  and  turf  baths.  The  latter  proved 
useful  in  two  cases,  and  detrimental  in  one.  They  are  highly 
extolled  by  many  authors.  In  Franzensbad  particularly,  various 
good  results  have  been  obtained  by  their  use.  This,  too,  is  a 
subject  worthy  of  further  investigation. 

Concerning  animal-baths,  liot  sand  laths,  pine-needle  iaths,  steam-haths,  hot-air 
laths,  etc.,  I  know  very  little  from  personal  experience.  In  most  of  the  cases  they 
are  superfluous,  and,  when  used  at  very  high  temperatures,  they  are  actually  injuri- 
ous and  dangerous. 

On  the  other  hand,  the  results  of  a  rationally  conducted  cold- 
water  cure  are  exceedingly  favorable.  Out  of  twenty-nine  cases  of 
which  I  have  notes,  the  results  of  the  treatment  were  favorable  in 
twenty-one,  negative  in  five,  and  unfavorable  in  three.  Here 
too,  of  course,  everything  depends  on  the  manner  in  which  the 
cold  water  is  used.  I  cannot  insist  too  much  on  the  danger  of 
forced  cures,  of  all  severe  and  strongly  exciting  procedures,  such 
as  the  employment  of  water  at  very  low  temperatures,  douches, 
sharp  slappings,  etc.  These  measures  are,  as  a  rule,  absolutely 
injurious  in  cases  of  myelitis ;  even  wet  packs  of  the  entire  body 
have,  to  my  surprise,  generally  proved  injurious.  Simple  rub- 
bing with  wet  cloths,  foot-baths  and  sponging  the  back,  hip- 
baths, half-baths  with  affusions  to  the  back,  local  compresses  to 
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the  back  left  on  till  they  become  warm,  etc.,  seem  to  be  the 
measures  which  are  chiefly  applicable.  The  treatment  should 
always  be  begun  with  moderate  temperatures  (20-25°  C. — 68-77° 
F.),  and  we  should  never  go  below  16-12°  C.  (60-^-53f°  F.).  I 
believe  also  that  excessive  prolongation  of  the  treatment  is  inju- 
rious. Many  over-zealous  hydropathists  are  only  too  often  led, 
by  their  great  confidence  in  the  water-cure,  to  prolong  the  treat- 
ment to  an  extent  that  proves  detrimental  to  the  patients. 

The  water-cure  is,  all  things  considered,  one  of  the  most 
important  and  most  promising  means  of  treating  chronic  myeli- 
tis. The  mistrust  with  which  it  is  regarded  by  some  authors  is, 
as  far  as  my  own  experience  goes,  entirely  unjustifiable.  It  is 
suitable  for  almost  all  cases,  though  of  course  the  method  of 
application  must  vary  according  to  the  peculiarities  of  the  indi- 
vidual cases.  Some  patients,  however,  cannot  bear  the  treatment 
at  all ;  it  is  followed  by  insufficient  reaction,  causes  chilliness, 
discomfort,  etc.  In  such  cases  the  treatment  should  not  be  per- 
sisted in.  The  choice  of  the  establishment  is  of  course  a  matter 
of  great  importance.  I  prefer  one  situated  in  a  healthy  moun- 
tainous locality  and  in  a  wooded  region.  The  chief  requisite, 
however,  is  always  the  presence  of  an  intelligent  and  competent 
physician. 

In  recent  times  the  galvanic  current  has  acquired  a  promi- 
nent position  in  the  therapy  of  chronic  myelitis.  Out  of  one 
hundred  cases  treated  by  it,  I  obtained  a  more  or  less  favorable 
result  in  fifty- two.  Complete  recovery  ensued,  it  is  true,  only  in 
a  few  of  these  cases,  but  a  very  considerable  and  striking  im- 
provement was  observed  in  quite  a  number  of  them  ;  in  most  of 
them,  however,  the  improvement  was  only  moderate.  In  fortj'- 
seven  of  the  cases  the  results  were  negative,  although  in  some  of 
them  the  treatment  was  persisted  in  for  a  very  long  time.  In 
only  one  case  was  the  effect  of  galvanization  decidedly  bad. 

The  chief  part  of  this  treatment  is,  of  course,  the  direct  gal- 
vanization of  the  cord,  which  must  be  conducted  precisely  ac- 
cording to  the  principles  which  have  been  exhaustively  consid- 
ered in  another  chapter  (see  page  178).  The  electrodes  must 
be  applied  differently,  in  accordance  with  the  differences  in 
the  position  and  extent  of  the  focus  of  disease.    It  is  best  to  let 
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both  poles  act  successively,  either  with  a  stabile  or  with  a  slowly 
labile  current.  When  we  have  to  deal  with  band-shaped  sclerosis, 
it  is  advisable  to  include  the  cervical  sympathetic  also  within  the 
sphere  of  the  electricity.  The  current  used  should  not  be  very 
strong,  and  the  seances  should  be  short.  I  cannot  insist  suffi- 
ciently on  the  point,  that  the  treatment,  to  be  successful,  must 
be  conducted  with  great  care  and  skill.  Great  patience  on  both 
sides  is,  as  a  rule,  necessary.  The  treatment  must  be  continued 
for  months,  being  occasionally  interrupted  only  to  be  recom- 
menced after  a  brief  pause.  It  is  expedient  to  alternate  or  com- 
bine galvanization  with  other  methods  of  treatment. 

It  is  as  yet  impossible  to  indicate  the  cases  for  which  the 
galvanic  treatment  is  especially  suitable.  It  may,  indeed,  be 
tried  in  most  or  all  cases,  as  we  know  of  no  positive  counter- 
indication.  Every  now  and  then,  however,  we  shall  meet  with 
patients  who  cannot  bear,  or  who  think  they  cannot  bear,  even 
the  most  cautious  application  of  the  galvanic  current.  In  such 
cases  the  treatment  must  be  at  once  discontinued. 

Little  can  be  expected  from  internal  medicines  in  the  treat- 
ment of  chronic  myelitis.  Nitrate  of  silner,  which  was  first 
recommended  by  Wunderlich,  is  the  most  reliable  of  all  of  them. 
In  a  few  cases  it  has  undeniably  proved  beneficial.  It  is  impos- 
sible to  give  the  exact  indications  for  its  employment,  but,  as 
it  is  in  general  a  harmless  medicine,  it  may  be  tried  in  most  of 
the  cases.  Brown-Sequard  very  urgently  recommends  ergot 
and  belladonna,  both  of  which  are  said  to  lessen  the  congestion 
of  the  spinal  cord  and  to  diminish  its  reflex  irritability.  He 
gives  the  ergot  in  doses  of  0.30-0.50  (gr.  v.-viiss.)  twice  a  day, 
and  in  connection  with  it  applies  a  large  belladonna  plaster  to 
the  back,  or  gives  extract  of  belladonna  internally  in  doses  of 
0.015  to  0.02  (gr.  f-^)  twice  a  day.  The  efi'ect  is  said  to  be  very 
decided  in  many  paraplegias.  Iodide  of  potassium  has  rather 
unexpectedly  proved  almost  invariably  useless.  I  at  least,  often 
as  I  have  prescribed  it,  liave  never  seen  any  decided  improve- 
ment follow  its  use.  Even  in  the  paraplegias  of  syphilitic 
patients,  its  curative  action  is  often  very  limited.  Arsenic, 
too,  has  in  my  experience,  as  a  rule,  proved  useless.  P7los- 
pJiorus  I  have  seldom  prescribed ;  its  curative  action  seems  to 


464   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

me  dubious,  and  its  administration  not  entirely  without  danger. 
StrycJinlne  is  in  my  opinion  almost  always  decidedly  objection- 
able in  chronic  myelitis.  In  the  earlier  stages  it  is  more  liable  to 
do  harm  than  good,  and  for  the  later  stages,  when  the  residua  of 
the  myelitis  (paralyses,  etc.)  are  to  be  treated,  we  possess  in 
electricity  a  much  more  reliable  as  well  as  safer  remedy. 

In  consequence  of  the  long  duration  of  the  disease,  the  phy- 
sician will  often  find  himself  tempted  to  emplo}^  in  a  tentative 
manner,  not  only  the  above,  but  also  numerous  other  remedies. 
It  will  be  fortunate  both  for  physician  and  patient,  when  the 
right  remedy  is  discovered  at  once. 

The  general  management,  the  diet  and  the  mode  of  life  of  the 
patients  are  in  our  opinion  of  very  essential  importance.  These 
points  are  still  very  often  sinned  against,  partly  through  igno- 
rance, partly  through  carelessness.  Above  all,  rest  and  a  regular 
mode  of  life  are  essential ;  overexertion  of  every  kind,  mental 
as  well  as  bodily,  must  be  avoided ;  sexual  intercourse  should  be 
confined  within  the  strictest  possible  limits  or  completely  stopped ; 
all  excitement,  violent  emotions,  etc.,  must  be  prevented  as  much 
as  possible.  The  diet  must  be  simple  and  easy  of  digestion,  but  at 
the  same  time  nutritious.  Many  patients  are,  however,  benefited 
by  a  very  abundant  supply  of  nourishment,  and  by  cod-liver  oil. 
Spirituous  drinks  should  only  be  allowed  in  small  quantities. 
Strong  coffee  and  tea  and  strong  cigars  must  be  avoided.  It  is 
very  important  that  the  bowels  should  be  kept  regular  ;  for  this 
purpose  we  must  usually  employ  both  aperients  and  clysters. 
The  patients  should  be  strongly  urged  to  keep  as  much  as  possible 
in  the  open  air.  When  practicable,  a  prolonged  sojourn  in  a 
mountainous  region  at  a  moderate  elevation,  or  at  the  sea-side, 
will  be  useful ;  it  is  also  advisable  that  the  winters  should  be 
passed  in  the  South,  in  the  Riviera,  the  southern  Alpine  vallej^s, 
etc.  The  regulation  of  the  bodily  exercise  is  usually  a  very 
important  question.  Much  harm  can  easily  be  done  by  ex- 
ceeding the  permitted  amount  of  exercise.  I  have  repeatedly 
known  patients,  who  had  begun  to  improve,  to  be  thrown  back 
for  a  long  time  by  an  unduly  prolonged  walk.  The  idea  which 
is  entertained  b}'^  many  patients,  that  a  commencing  muscular 
weakness  and  stiffness  can  be  removed  by  forced  exertion  of  the 
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muscles,  must  be  energetically  combated.  I  believe  that  patients 
who  are  still  capable  of  moving  about,  should  be  allowed  to  take 
only  so  much  exercise  as  they  can  indulge  in  without  fatigue ; 
as  soon  as  they  hegin  to  grow  tired,  they  must  rest  for  a  time, 
and  may  then  resume  the  walk  or  other  movement. 

In  many  cases,  it  is  true,  exercise  is  out  of  the  question — the 
patients  are  bed-ridden,  paralyzed.  Such  patients  must  make  it 
a  point  not  to  lie  always  and  exclusively  on  the  back.  Brown- 
Sequard  wants  to  discard  the  dorsal  position  entirely,  and  to 
replace  it  by  the  lateral  or  abdominal  position,  but  it  is  more 
than  doubtful  whether  it  will  be  possible  to  do  so.  For  these 
paraplegic  patients  a  wheel-chair  may  be  used,  though  it  is  but 
an  unsatisfactory  substitute  for  walking  exercise.  It  will  at  least 
enable  them  to  enjoy  the  fresh  air  regularly  and  freely. 

In  most  of  the  cases  of  chronic  myelitis,  there  are  also  a 
number  of  symptomatic  indications  that  require  attention. 
The  most  important  of  these  is  unquestionably  the  prevention 
of  cystitis  and  decubitus ;  the  closest  attention  must  be  paid 
to  this  point  under  all  circumstances.  We  have  already  dis- 
cussed it  at  length  on  page  193  et  seq.,  to  which  the  reader  is 
referred. 

Another  frequent  and  important  indication  is  the  relief  of  the 
painS: — of  the  lancinating  pains  of  tabes,  the  spontaneous  and 
radiating  pains  of  myelitis  transversalis,  etc.  These  will  very 
frequently  resist  all  imaginable  remedies,  and  prove  a  source  of 
great  annoyance  to  the  physician,  as  well  as  of  torment  to  the 
patient.  The  most  rapid  relief  will  always  be  obtained  from 
hypodermic  injections  of  morphine,  but  the  dangerous  conse- 
quences of  the  constant  use  of  this  drug  must  deter  us  from  too 
frequent  employment  of  the  injections.  After  morphine  the 
most  serviceable  drugs  are  bromide  of  potassium,  quinine,  bro- 
mide of  quinine,  zinc,  and  valerian.  Cutaneous  irritation,  elec- 
tricity (the  faradic  brush  or  galvanic  current),  Preissnitz's  com- 
presses, applications  of  chloroform,  and  frictions  with  veratrine, 
oil  of  hyoscyamus,  and  the  like,  often  do  good  service.  Similar 
remedies  are  employed  with  more  or  less  success  to  relieve  the 
manifestations  of  motor  irritation,  the  painful  spasms,  reflex 
twitching,  etc.    For  the  paralyses,  atrophies,  ansesthesise,  etc., 
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which  persist  after  the  disease  has  run  its  course,  electricity  is 
the  sovereign  remedy. 

The  general  plan  of  treatment  must  of  course,  apart  from  the 
stage  of  the  disease,  be  regulated  chiefly  according  to  the  indivi- 
duality of  the  case,  or  the  internal  and  external  conditions  of  the 
patient.  Any  causative  influences  that  may  be  discovered  must 
be  first  of  all  removed,  and  the  surroundings  of  the  patient  and 
his  mode  of  life  regulated.  In  the  relatively  recent  cases,  which 
are  still  in  the  early  stages,  the  following  course  of  treatment 
may  be  recommended  after  the  above  points  have  been  attended 
to :  mild,  but  nevertheless  efiicient  hydropathic  treatment,  in 
conjunction  with  the  employment  of  the  galvanic  current  ;  in 
appropriate  cases  these  may  be  combined  with  mild  derivatives 
(blisters,  dry  cups,  Preissnitz's  compresses,  etc.),  change  of  air, 
and  a  sojourn  in  the  mountains  or  at  the  sea-side.  As  the  dis- 
ease progresses  a  course  of  treatment  at  the  hot  brine-springs,  or 
in  a  hydropathic  establishment  may  be  tried,  alternating  with 
the  treatment  by  galvanism ;  internally  the  persistent  use  of 
nitrate  of  silver. 

In  the  older  cases,  where  the  prospects  of  recovery  are  much 
less,  a  cautious  alternation  of  the  different  methods  of  treatment 
is  requisite.  During  the  winter  such  patients  should  be  treated 
by  galvanism,  and  should  also  be  made  to  employ  cautiously 
cold  applications  combined  with  frictions.  In  the  summer  the 
thermal  brines,  cold-water  treatment  in  the  mountains,  and  per- 
haps also  the  thermae,  may  be  tried.  In  addition  to  these  meas- 
ures, various  internal  remedies  may  be  tried,  the  symptomatic 
indications  must  be  carefully  fulfilled,  and  decubitus  and  cystitis 
must  be  guarded  against. 

Under  all  circumstances,  the  employment  of  psychical  influ- 
ences constitutes  an  important  part  of  the  treatment  of  chronic 
myelitis.  The  courage  of  the  patient  must  be  maintained,  his 
confidence  in  the  various  methods  of  treatment  strengthened, 
and  his  hopes  constantly  aroused  and  reawakened.  Unfortu- 
nately the  physician  must  in  only  too  many  cases  rest  contented 
when  he  can  succeed  in  this  task,  which  is  itself  by  no  means  a 
light  one,  and  brighten  the  miserable  existence  of  the  patients 
by  an  occasional  glimmer  of  fresh  hope. 
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10.  Simple  Softening  of  the  Spinal  Cord. — Myelomalacia. 

Brown-Sequard,  Lectures,  etc.,  on  Paralysis  of  the  Lower  Extremities,  p.  34.  1861. 
— Hennig,  Fall  von  Erweichung  des  Riickenmarks.  Arch.  d.  Heilk.  L  S.  188. 
I860. — Leyden,  L.  c.  IL  S.  38,  51  ff. — Panum,  Experim.  Beitr.  z.  Lehre  von  d. 
Embolie.  Virch.  Arch.  Bd.  25.  S.  308.  1862.— L.  c.  2  Aufl.  S.  706.— 
Hammond,  L.  c.  8.  edit.  1873.  p.  463. —  Willujl;  TJeber  d.  Verhalten  d.  NcrveH- 
zellen  bei  embol.  Processen  im  R.-M.  Prager  Vierteljahrschr.  1875.  III.  S.  41. 
— D.  J.  Hamilton,  On  Reflex  Paralysis  and  Urinary  Paraplegia.  Brit,  and  For. 
Medico-chir.  Rev.  Tome  L  VIL  p.  440.  IQIQ.—Em.  Berlin,  RamoUiss.  d.  L 
moelle.  Diet.  Encyclop.  des.  Sc.  m6d.  IL  SGr.  T.  VIIL  p.  751.  1854. 

It  may  perhaps  seem  venturesome  in  the  present  state  of  onr 
knowledge,  to  devote  a  special  chapter  to  simple,  non-inflam- 
matory softening  of  the  spinal  cord.  We  are  still  deplorably 
ignorant  with  regard  to  this  affection,  and  hence  the  chapter 
will  necessarily  be  a  short  one.  That  there  really  is;  however, 
a  non-inflammatory  as  well  as  an  inflammatory  softening  of  the 
spinal  cord,  must  unquestionably  be  admitted  ;  it  is  demon- 
strated both  by  convincing  analogies  with  similar  processes  in 
the  brain,  and  by  a  certain  number  of  anatomical  and  clinical 
facts.  It  is  in  order  now  to  describe  as  accurately  as  possible, 
the  anatomical  changes  and  clinical  history  of  this  simple  soften- 
ing, in  order  to  differentiate  it  more  positively  from  the  inflam- 
matory affection. 

It  seems  to  us  particularly  desirable  to  protest  against  the 
misuse  of  the  word  "softening,"  which  is  at  present  very  com- 
monly applied  to  simple  and  even  to  acute  inflammation.  The 
terms  softening  and  inflammation  are  by  no  means  synonymous ; 
not  every  softening  is  the  result  of  inflammation,  and  not  every 
inflammation  leads  to  softening.  The  latter  certainly  occurs  as  a 
concomitant  and  a  consecutive  lesion  in  many  forms  of  spinal 
inflammation,  but  it  is  by  no  means  an  essential  part  of  them. 
We  might,  with  just  as  much  and  perhaps  even  more  reason, 
employ  the  term  "hyperfemia,"  or  "exudation,"  or  "fatty  de- 
generation," to  designate  inflammation. 

It  is  unquestionably  better  to  discard  entirely  the  use  of  the 
term  "softening"  for  inflammatory  conditions;  this  would  be 
the  best  way  to  avoid  misunderstandings.    If  used  at  all,  it 
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should  be  reserved  for  tlie  simple,  non-inliammatory  processes 
of  softening,  which  are  undoubtedly  met  with  in  the  cord  ;  for 
these,  it  seems  to  us  perfectly  appropriate. 

It  is  true  that  the  existence  of  these  non-inflammatory  changes 
has  not  yet  been  demonstrated  with  that  degree  of  positiveness, 
which  is  desirable,  and  that  we  do  not,  as  in  the  case  of  the 
brain,  possess  experimental  proofs  or  clinical  observations  equiva- 
lent to  them  (cerebral  emboli)  for  the  most  important  forms  of 
the  softening.  With  respect,  moreover,  to  the  histological  pro- 
cesses, and  more  particularly  the  points  which  distinguish  the 
simple  from  inflammatory  softening,  we  are  as  yet  to  a  great  ex- 
tent in  outer  darkness.  Still,  it  seems  to  us  that  there  has  been 
too  great  a  tendency  in  recent  times  to  class  under  myelitis  all 
lesions  of  the  spinal  cord  characterized  by  softening,  even  though 
the  characteristic  histological  evidences  of  inflammation  be  by 
no  means  always  present. 

A  few  brief  remarks  concerning  simple  softening  may  be  made 
now,  principally  with  a  view  to  incite  others  to  further  studies 
and  investigations. 

The  pathogenesis  of  the  affection  is  enveloped  in  numerous 
obscurities.  The  softening  which  is  due  to  thrombosis  and  em- 
bolism is  probably  the  easiest  to  explain,  in  consequence  of  its 
analogy  with  the  corresponding  cerebral  process.  The  effects  of 
embolism  of  the  abdominal  aorta,  from  which  we  might  expect 
the  most  valuable  information  in  this  connection,  have  not  yet 
been  sufficiently  studied.  It  has  been  stated,  that  white  softening 
of  the  cord  has  been  found  as  one  of  these  effects. 

Embolism  of  the  small  arteries  of  the  cord  is  very  rare,  and 
would  at  all  events  produce  only  very  circumscribed  centres  of 
softening.  Panum,  Vulpian  and  others  have  studied  it  experi- 
mentally, and  have  demonstrated  the  development  of  small  cen- 
tres of  red  softening  as  the  result  of  such  emboli.  Leyden  found 
small,  inflammatory  foci  produced  by  emboli,  which  were  derived 
from  ulcerative  endocarditis.  Willigk,  in  his  recent  investiga- 
tions, discovered  no  centres  of  true  softening  in  the  neighborhood 
of  the  obstructed  vessels,  but  found  instead  of  softening,  in  some 
cases  a  hyperplasia  of  the  connective  tissue  with  atrophy  and 
destruction  of  the  ganglion-cells,  and  in  others  a  peculiar  "col- 
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loid"  degeneration  of  the  ganglion-cells  without  increase  of  the 
connective  tissue.  All  this  requires  further  study  and  investiga- 
tion. The  case  of  multiple  thrombosis  of  the  small  vessels  of  the 
cord,  reported  by  Hamilton,  is  a  remarkable  one. 

There  is  little  reason  to  doubt  that  a  severe  affection  of  the 
icalls  of  the  vessels,  such  as  atheroma,  calcification,  or  sclerosis, 
diminution  of  the  vascular  lumen,  etc.,  can  also  cause  similar 
retrogressive  metamorphoses  in  the  tissue  of  the  cord,  which 
finally  terminate  in  softening. 

Second  in  order  of  importance  comes  the  softening  produced 
Ity  slow  compression  of  the  cord.  We  have  already  (p.  323) 
stated,  that  a  true  myelitis  (compression-myelitis,  inflammatory 
softening)  of  the  affected  portion  of  the  cord  is  almost  without 
exception  excited  by  such  compression.  Nevertheless,  excep- 
tions do  apparently  occur.  The  fact  that  in  not  a  few  cases  of 
compression  of  the  cord,  the  microscope  reveals  in  the  softened 
mass  no  granule-cells,  no  hyperplasia  of  the  connective  tissue, 
no  proliferation  of  the  nuclei,  but  only  swollen  and  disinte- 
grated nerve-elements,  speaks  unmistakably  in  favor  of  the  view 
that  the  process  is  sometimes,  at  least  for  a  time,  one  of  simple 
softening.  There  is  nothing  forced  in  the  theory,  that  the  is- 
chsemia  of  the  cord  caused  by  the  compression  results  in  simple 
softening,  and  that  this  condition  may  persist  as  long  as  the 
compressing  mass  does  not  develop  strongly  irritating  qualities, 
and  implicates  the  cord  only  very  gradually  and  slowly.  This, 
too,  requires  verification. 

It  is  still  very  doubtful  whether  a  spontaneous  simple  soften- 
ing ever  occurs.  At  all  events,  the  older  observations  which  are 
adduced  in  favor  of  it,  are  by  no  means  conclusive,  since  they 
lack  the  microscopical  examination  which  alone  can  determine 
positively  the  absence  of  inflammatory  changes. 

A  senile  softening  of  the  cord  is  spoken  of,  but  we  must  con- 
fess that  the  supposed  examples  of  it  contained  in  medical  liter- 
ature do  not  by  any  means  convince  us  of  its  actual  existence. 
Still,  it  is  certainly  possible  that  the  vascular  affections,  which 
are  so  common  in  old  age,  may  occasionally  give  rise  to  small 
spots  of  softening  in  the  spinal  cord.  At  all  events,  however,  the 
fact  requires  more  accurate  authentication. 
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We  may  mention,  finally,  that  Hammond  assumes  sexual  ex- 
cesses to  be  the  cause  of  simple  softening  in  a  few  cases. 

Under  these  circumstances  there  is  but  little  that  can  be  said 
concerning  the  special  ]jatliological  anatomy  of  myelomalacia  ; 
there  is  always  danger  of  confounding  the  inflammatory  with 
the  non-inflammatory  foci  of  softening.  In  fact,  macroscopically 
they  resemble  each  other  very  closely.  The  spinal  cord  is  soft 
and  pulpy,  and  swells  up  above  the  level  of  the  cut ;  in  pure 
cases  it  is  white,  and  in  the  later  stages  becomes  creamy,  milky, 
and  fluid.  Pronounced  red  softening  can,  however,  also  occur 
in  consequence  of  the  blood  being  dammed  back  in  tlie  ischsemic 
vascular  territories.  When  the  fatty  degeneration  assumes  spe- 
cial prominence,  the  softened  spot  may  acquire  a  more  yellowish 
color,  and  present  the  appearances  of  yellow  softening.  At  its 
boundaries,  the  softened  spot  usually  merges  imperceptibly  into 
the  normal  tissue. 

It  is  difficult  to  decide  whether  the  case  of  Hennig  should  really  be  classed  as 
simple  softening ;  if  it  must  be,  it  would  present  a  sort  of  gelatinous  or  colloid 
degeneration,  with  fatty  degeneration  of  the  vessels. 

The  microscopical  examination  can  alone  furnish  conclusive 
evidence  of  the  inflammatory  or  non-inflammatory  nature  of  the 
softened  spot.  Unfortunately,  however,  we  do  not  as  yet  possess 
a  sufficient  number  of  accurate  reports  bearing  on  this  point. 
Wherever  we  find  a  large  number  of  cells  containing  fat  granules, 
tensely  distended  blood-vessels,  numerous  young  cells,  increase  of 
the  interstitial  tissue,  swollen  axis-cylinders,  etc.,  we  are  justified 
in  assuming  positively  the  inflammatory  character  of  the  process. 
On  the  other  hand,  when  these  characteristics  are  wanting,  and 
we  only  find  simply  swollen  and  disintegrated  nerve-fibres,  gan- 
glion-cells in  a  state  of  glassy  swelling,  a  few  cellular  elements 
and  fat-granule-cells,  and  a  small  quantity  of  fatty  detritus,  we 
must  diagnose  a  simple  softening.  Further  and  searching  in- 
vestigations of  this  point  are,  however,  very  much  to  be  desired. 

The  symptomatology  of  simple  softening  is  also  exceedingly 
obscure.  In  the  clinical  histories  we  meet  with  the  picture  of  a 
more  or  less  acute  or  subacute  myelitis  unattended  by  fever,  and 
presenting  only  a  few  non-essential  modifications,  that  are  of 
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little  help  in  the  diagnosis.  According  to  Hammond,  tne  absence 
of  motor  symptoms  of  irritation  is  particularly  distinctive  of 
simple  softening.  That  this,  however,  does  not  hold  true  of  all 
cases  without  exception,  is  demonstrated  by  the  histories  of 
many  cases  of  acute  myelitis. 

In  the  commencement  of  the  disease  a  sensation  of  numbness 
and  a  feeling  of  weakness  are  experienced,  which  gradually  be- 
come more  intense,  but  are  not  accompanied  by  pains,  muscular 
twitchings,  etc.  Progressive  weakness  of  the  bladder  is  added 
to  the  paralysis  ;  the  anal  sphincter  is  also  affected,  and  the 
reflex  excitability  seems  diminished. 

In  the  later  stages  of  the  affection  we  have  the  complete  pic- 
ture, modified  only  in  accordance  with  the  localization  of  the 
softened  spot,  of  a  severe  sensory  and  motor  paraplegia,  with 
paralysis  of  the  sphincters,  bed-sores,  and  the  well-known  termi- 
nation. 

According  to  Brown-Sequard  and  Hammond,  the  absence  of 
motor  and  sensory  signs  of  irritation  is  conclusive  for  the  diag- 
nosis from  inflammatory  softening.  According  to  them,  there 
are  no  pains,  no  spasms,  no  hypersesthesia,  and  no  increase  of 
the  reflex  activity.  Personally,  however,  we  cannot  suppress  a 
slight  doubt  as  to  the  pathognomonic  importance  of  the  absence 
of  these  symptoms,  and  feel  ourselves  forced  to  look  to  the  future 
for  the  possibility  of  a  more  exact  diagnosis  of  simple  myelo- 
malacia. 

"YlxQ  prognosis  of  the  affection  must  be  decidedly  unfavorable, 
when  the  centres  of  softening  are  at  all  extensive.  The  very 
small  foci,  wliich  give  rise  only  to  a  very  limited  array  of  symp- 
toms, or  perhaps  to  none  at  all,  do  not,  as  a  rule,  call  for  a  prog- 
nosis. 

The  treatment  of  simple  softening  can  also  be  disposed  of  in  a 
few  words.  It  must  be  carried  on  essentially  according  to  the 
rules  laid  down  for  the  non-febrile  forms  of  myelitis  without 
prominent  inflammatory  symptoms. 

Brown -Sequard  recommends,  besides  iron  and  quinine,  chiefly 
iodide  of  potassium,  which  is  best  administered  in  a  bitter  decoc- 
tion (cinchona,  Colombo,  rhubarb) ;  strychnine  only  with  the 
greatest  caution  ;  no  ergot !  no  belladonna  !  He  believes,  further, 
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that  the  cold  douche  or  shower-bath  to  the  back  is  indicated,  as 
is  also  conlinement  to  the  dorsal  position. 

In  general,  abundant  and  nourishing  food,  when  possible 
moderate  exercise,  and  the  employment  of  the  galvanic  current, 
will  be  found  advantageous. 


11.  Multiple  Sclerosis  of  the  Spinal  Cord  {and  Brain). — Mul- 
tiple, nodular  Sclerosis;  disseminated,  muUilocular,  insu- 
lated Sclerosis  of  the  Central  Nervous  System. — Sclerose  en 
plaques  disseminees. — Insular  Sclerosis. 

Cruveilhier,  Anat.  pathol.  Livr.  32,  38.  1835-42. —  Charcot,  Klin.  Vortr.  uber  die 
Krankh.  des  Nervensyst.   Deutscli  von  Fetzer.  1874. — Masse,  1.  c.   2.  Aufl.  S. 

Rosenthal,  1.  c.  2.  Aufl.  S.  U7.— Hammond,  1.  c.  3.  Edit.  p.  637.— Ley- 
den,  1.  c.  n.  S.  375. — B&rnlieim,  Diet,  encyclop.  des  Sc.  med.  II.  Ser.  T.  VUL 
p.  707. 

^ericAa,  Ueber  Hiraslderose.  Haeser's  Arch.  X.  S.  334.  1849. — Valentiner,'U<^er 
Sklerose  des  Geliirns  u.  R.-M.  Deutsche  Klin.  1856.  No.  14  bis  16. — Leyd^n, 
Ueber  graue  Degen.  des  R.-M.  ibid.  1863.  No.  13.  —  Rindfleisch,  Histol. 
Detail  zur  grauen  Degen.  Virch.  Arch.  Bd.  26.  S.  474.  1%&Z.—  W.  Zenker, 
Sklerose  des  Gehirns  u.  R.-M.   Zeitschr.  f.  ration.  Medic.  3.  Reihe  24.  Band. 

1865.  —  Vulpian,  Notes  sur  la  sclerose  en  plaques,  etc.     L'Union  m€d. 

1866.  Nr.  67-72.— Charcot,  Gaz.  des  hop.  1868.  Nr.  102,  lOd.—Ordenstein, 
Sur  la  paralys.  agit.  et  la  scl6r.  en  plaques  g6neralis6e.  Thfese.  Paris,  1867. — 
Bourneville,  Mouvem.  m6d.  1868.  Nr.  13-25,  u.  1869,  Nr.  27  bis  m.—Bourne- 
ville  et  Guerard,  De  la  sclerose  en  plaques  diss6m.  Paris,  1869. — Guerard, 
Essai  sur  la  scl.  en  plaques.  Thfese.  Paris,  1869. — Liouville,  Gaz.  m6d.  1870. 
Nr.  19  u.  2Q.—Joffroy,  ibid.  Nr.  23,  2L—Magnan,  ibid.  Nr.  14.  p.  183.— ico, 
Beitr.  zur  Erk.  der  Sklerose  des  Gehirns  u.  R.-M.  Deutsch.  Arch,  fur  klin. 
Medic.  IV.  1868.-5".  Schuele,  ibid,  VII.  S.  159.  1870,  u.  VIII.  S.  223.  1871. 
W.  Leube,  ibid.  VTII.  S.  1.  1870. — u.  Klin.  Ber.  aus  dem  Krankenhaus  zu 
Jena.  1875.  S.  111.— Zenker,  Deutsch.  Arch,  f,  klin.  Medic.  VIII.  S.  126.  1870. 
— Ebstein,  Spinale  Form  der  multipl.  Sklerose.  ibid.  IX.  S.  528,  u.  X.  595. 
1%72.— Kelp,  Ueber  Hirnsklerose.  ibid.  X.  S.  224.  1Q72.—Buchwald,  ibid.  X. 
8.478.  1872.— ibid.  X.  S.  531.  \%72.— Berlin,  ibid.  XIV.  S.  103.  1874. 
—Engesser,  ibid.  XVII.  S.  556.  1876.— Baerwinkel,  Arch.  d.  Ileilk.  X.  S.  590, 
1869.— (7.  Hirsch,  Deutsch.  Klin.  1870.  Nr.  S'i-38.—Radlick,  Fall  von  Sclerose 
en  plaques.  Diss.  Berlin,  1874. — Pohl,  Sklerose  des  Gehirns  u.  R.-M.  Diss. 
Berlin,  1874. —  Westphal,  Ueber  eine  Affection  des  Nervensyst.  nach  Pocken 
u.  Typhus.  Arch.  f.  Psych,  u.  Nerv.  III.  S.  376. 1872.— 27ie  sa»i<;,  Neue  Cliarit6- 
Annalen.  L  Jahrg.  1874.  S.  427. —  Otto,  Casuist,  Beitr,  zu  den  nervos.  Nach- 
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krankh.  der  Pocken.  Virchow-Hirsch,  Jahresbericht  pro  1872.  II.  S.  23. — 
Jolly,  Ueber  multiple  Hirnsklerose.  Arch.  f.  Psych,  u.  Nerv.  III.  S.  711.  1872. 
—Chvostek,  Wien.  med.  Pr.  1873  u.  1874,— Allgem.  Wien.  med.  Zeit.  1875. 
Nr.  11-20. — W.  Moxon,  Eight  Cases  of  Insular  Sclerosis.  Guy's  Hosp.  Rep.  XX. 
p.  437.  1875.— MoUiere,  Sur  quelques  points  du  diagnost.  d.  1.  scl6r.  des  centr, 
nerv.  Lyon  m6d.  1875.  Nr.  28.-2?'.  Schulize,  Ueber  das  Verhaltuiss  d.  Paralys. 
agit.  zur  multiplen  Sklerose  des  R.-M.  Virch.  Arch,  Bd.  68.  1876— Christidis, 
Ueber  multiple  Sklerose,  etc.  Diss.  Wurzburg,  1875.— JB?.  Killian,  Ueber  einen 
Fall  von  diffuser  Myelitis  chronica.  Arch.  f.  Psych,  u.  Nervenkrankh.  VII.  S. 
28.  1876.— PM<zar,  Fall  von  multipl.  Sklerose  des  Gehii-ns  u.  R.-M.  Deutsch. 
Arch,  fur  klin,  Med,  XIX,  S.  217.  1877. 


History. 

The  disease  now  generally  known  under  this  name  has  only 
figured  in  the  annals  of  science  for  a  few  decades,  and  only  be- 
came thoroughly  understood  during  the  last  decennium.  The 
first  minute  account  of  the  affection  appeared,  accompanied  by 
excellent  illustrations,  in  the  large  atlas  of  Cruveilhier  (1835  to 
1842).  A  similar  case,  observed  by  Tuerck  in  the  year  1855,  was 
entirely  lost  in  a  clinical  point  of  view. 

The  clinical  history  of  circumscribed  sclerosis  begins  with  the 
work  of  Frerichs  (1849),  which  was  very  greatly  enlarged  and 
perfected  by  Valentiner  (1856).  A  few  years  later,  the  pathologi- 
cal anatomy  of  the  disease  was  greatly  cleared  up  by  the  labors 
of  Rindlieisch  (1863),  Leyden  (1863),  and  Zenker  (1865).  The 
French  works,  which  followed  those  of  the  above-named  investi- 
gators, have,  however,  undoubtedly  contributed  most  to  our 
knowledge  of  the  disease.  They  defined  more  sharply  the  morbid 
picture  presented  by  the  affection,  gave  due  prominence  to  its 
essential  points,  and  secured  for  it  a  place  in  pathology  as  a 
legitimate  and  recognizable  disease.  After  the  appearance  of  the 
first  works  of  Vulpian  and  Charcot  (1866-1868),  the  latter  in  par- 
ticular contributed  very  greatly  to  the  enlargement  of  our  knowl- 
edge of  multiple  sclerosis ;  with  the  help  of  his  pupils  (Orden- 
stein,  1867,  Bourneville  and  Guerard,  1869)  he  has  studied  it  in 
an  exhaustive  manner,  from  almost  every  point  of  view. 

About  the  same  time  there  appeared  in  Germany  an  excellent 
account  of  a  case  observed  by  Leo,  which  was  the  first  of  a  long 
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list  of  careful  and  full  reports  (by  Scliuele,  Leube,  Ebstein,  Kelp, 
Bucliwald,  Otto,  Berlin,  Engesser,  Baerwinkel,  Hirsch,  West- 
phal,  Jolly,  Chvostek,  and  others).  These  reports  have  contrib- 
uted not  a  little  to  the  enlargement  of  our  knowledge  and  to  the 
elucidation  of  different  important  questions.  In  France,  also, 
numerous  isolated  observations  have  been  recorded  since  the 
above  date  (by  Liouville,  Joflroy,  Magnan,  and  others).  In  Eng- 
land, however,  until  the  appearance  of  the  recent  work  of  Mox- 
on  (1875),  the  disease  was  overlooked  and  almost  entirely 
unknown. 

Through  the  labors  of  the  above-named  writers,  we  have  ac- 
quired a  pretty  accurate  knowledge  of  the  affection,  especially  in 
its  practical  relations,  although  numerous  questions  of  detail, 
some  of  them  not  unimportant,  are  still  in  an  unsettled  state, 
while  in  the  domain  of  therapeutics  in  particular  almost  every- 
thing still  remains  to  be  done. 

Definition. — Multiple  sclerosis  is  a  form  of  chronic  myelitis 
and  encephalitis. 

It  is  characterized,  anatomically,  by  tlie  development  of  numer- 
ous, insulated  sclerotic  nodules,  varying  in  size,  and  of  a  chronic 
inflammatory  nature,  which  are  scattered  irregularly  throughout 
the  entire  cord,  and  usually  also  throughout  the  entire  brain,  but 
which  seem  to  possess,  nevertheless,  certain  spots  of  predilection. 
Sometimes  a  less  intense,  but  more  diffuse  sclerosis  unites  the 
different  nodules  with  one  another. 

Clinically  the  manifestations  of  the  disease  are  very  variable 
and  manifold,  assuming  almost  protean  shapes.  This  is  the  nat- 
ural result  of  the  development  of  the  nodules  in  so  many  differ- 
ent localities,  which  are  seemingly  determined  by  accident. 

Motor  pareses  and  paralyses  are  never  wanting,  while  disturb- 
ances of  sensibility  belong  to  the  less  constant  symptoms.  Dis- 
turbances of  co-ordination  (ataxia)  are  very  frequently  observed, 
and  a  peculiar,  exceedingly  characteristic  tremor,  which  accom- 
panies voluntary  movements  and  progressively  increases,  is 
almost  regularly  present.  These  symptoms  are  accompanied  by 
a  more  or  less  extensive  list  of  bulbar  and  cerebral  symptoms, 
the  most  prominent  of  which  are  a  peculiar  disturbance  of  speech 
(scanning,  monotony  of  voice),  noisy  inspiration,  impairments  of 
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sight,  nystagmus,  pronounced  psychical  disturbances  of  varjdng 
degrees,  and  apoplectiform  attacks. 

We  have  to  deal  here  with  an  affection  that  runs  an  exceed- 
ingly chronic  course — a  course  moreover  which  always ,  goes  on 
progressively  from  bad  to  worse.  Very  considerable  fluctuations 
in  the  severity  of  the  symptoms  do  occur,  it  is  true,  but  a  per- 
manent improvement  is  rarely  observed. 

For  practical  reasons  we  shall  discuss  together  the  multiple 
scleroses  of  the  cord  and  of  the  brain.  The  exclusively  spinal 
form  of  the  affection  is  rare,  and  the  characteristic  morbid  pic- 
ture belongs  essentially  only  to  the  cerebro-spinal  form. 


Etiology  and  Pathogenesis. 

Hereditary  influences  may  in  many  cases  be  regarded  as  pre- 
disposing to  multiple  sclerosis.  Duchenne  observed  hereditary 
transmission  of  the  disease  in  one  case,  and  I  have  myself  observed 
the  same  thing.  Frerichs  saw  a  brother  and  sister  who  were 
suffering  from  the  disease,  and  a  similar  case  has  come  under  my 
own  observation.  The  general  neuropathic  tendency  may  per- 
haps play  its  well-known  role  here  also,  as  hysteria  and  other 
nervous  disturbances  sometimes,  though  relatively  seldom,  pre- 
cede the  affection.  In  other  respects  but  little  is  known  concern- 
ing the  influence  of  this  diathesis. 

According  to  Charcot's  statements,  the  female  sex  presents  a 
considerably  greater  predisposition  to  the  disease  than  the  male 
sex.  The  fact  that  his  observations  were  partly  conducted  at  the 
Salpetridre  (Women's  Hospital),  will  explain  the  discrepancy 
between  his  statements  and  those  of  other  observers.  Chvostek 
observed  sixteen  cases,  of  which  ten  were  men  and  six  women. 
Of  the  nine  cases  observed  by  myself,  four  were  men  and  five 
women.  Hence  there  is  no  marked  difference  between  the  two 
sexes  in  this  respect. 

It  is  certain,  however,  that  the  affection  is  pre-eminently  a  dis- 
ease of  youth  and  middle  age.  It  most  frequently  makes  its 
appearance  during  the  second  and  tliird  decades  of  life  ;  it  rarely 
or  never  appears  after  the  forty-fifth  year,  and  relatively  few 


476   ERB. — DISEASES  OF  THE  SPIISTAL  CORD  AND  ITS  ENVELOPES. 

cases  have  been  known  to  occur  in  children  under  ten  years  of 
age. 

Among  the  direct  causes,  we  must  mention  first,  catching 
cold,''^  the  influence  of  which  has  been  repeatedly  demonstrated. 
The  disease  has  been  known  to  develop  after  sudden  and  severe 
exposure  {e.  g.,  a  fall  into  cold  water  or  the  like),  as  well  as 
after  continued  or  repeated  exposure  to  injurious  influences, 
especially  to  the  prolonged  action  of  damp  cold.  It  is  impossible 
to  conceal  the  fact,  that  the  mode  of  action  of  these  influences  is 
as  yet  enveloped  in  the  greatest  obscurity. 

Excessive  mental  and  bodily  exertions  are  also  asserted  to  be 
exciting  causes.  It  is  possible,  that  they  prove  so  only  in  already 
predisposed  individuals.  In  this  category  belongs  also  the  action 
of  intense  emotions,  particularly  of  long-continued  depressing 
emotions,  such  as  sorrow,  care,  etc.  These  are  often  advanced  as 
the  causes  of  the  disease. 

In  one  of  my  cases,  that  of  a  young  lady  whose  father  in  all  probability  died 
from  the  same  afEection,  the  disease  was  brought  on  by  friglit  combined  with 
fatigue  and  exposure,  which  were  incidental  to  a  fire  that  broke  out  suddenly. 
Hence,  in  this  case,  there  were  a  number  of  injurious  agencies  active  at  the  same 
time. 

Traumatic  injluences  (injury  of  the  head,  concussion  of  the 
entire  body,  railroad  injuries,  etc.)  seem  to  be  decidedly  poten- 
tial. In  the  etiology  of  the  observations  recorded  in  medical 
literature,  the  occurrence  of  such  injuries,  some  of  which,  it  is 
true,  were  received  years  before  the  breaking  out  of  the  disease, 
is  so  frequently  mentioned,  that  it  is  impossible  to  assume  a 
purely  accidental  coincidence. 

Pregnancy  has  also  been  adduced  as  an  etiological  agent 
(Guerard).  Molliere  believes  that  the  disease  is  often  developed 
as  a  sequel  to  long-continued  and  severe  hysteria.  There  is  no 
doubt  that  disseminated  sclerosis  can  be  developed  as  a  sequel 
to  acute  diseases.  Ebstein  and  Westplial  saw  it  after  tj^phus, 
and  Charcot  after  cholera.  Westplial  has  described  some  cases 
of  disease  following  variola,  which  in  all  probability  must  be 
classed  as  disseminated  sclerosis,  although  some  important  fea- 
tures of  the  disease  were  wanting  in  the  clinical  picture.  This 
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theory  finds  support  in  the  fact,  that  he  subsequently  demon- 
strated the  existence  of  a  disseminated  myelitis  in  some  similar 
but  more  acute  cases.    Otto  has  described  a  similar  case. 

None  of  these  isolated  facts,  however,  have  as  yet  furnished 
the  slightest  information  concerning  the  more  delicate  processes 
in  the  pathogenesis  of  this  remarkable  affection. 

LEEDS  ^<V/E:ST-RiniNG 

Pathological  Anatomy. 

Multiple  sclerosis  is,  as  a  rule,  very  readily  recognized  by  the 
naked  eye.  In  a  few  isolated  cases,  however — Bourneville  has 
described  one  such — the  cord  and  brain  appear  normal,  and  the 
existence  of  nodules  of  sclerosis  is  only  revealed  by  microscopic 
examination. 

The  alteration  appears  in  more  or  less  numerous  spots  and 
nodules,  which  are  not  confined  to  the  cord,  but  are  scattered  in 
greater  or  less  numbers  through  the  medulla  oblongata,  the 
pons  Varolii,  the  cerebrum,  and  the  cerebellum. 

The  individual  nodules  are  usually  recognized  easily  by  their 
color  and  consistency.  When  they  lie  close  to  the  surface,  they 
often  glimmer  distinctly  through  the  pia,  and  in  very  intense 
cases,  the  entire  surface  of  the  cord  may  appear  to  be  studded 
with  grayish  and  usually  sharply  defined  spots.  These  are  often 
slightly  swollen  and  elevated  above  the  level  of  the  surface  of 
the  cord  ;  more  rarely  they  are  somewhat  sunken  and  atrophic, 
while  frequently  they  are  level  with  the  surface,  and  have  con- 
sequently undergone  no  change  in  volume. 

They  are  usually  seen  much  more  distinctly  in  the  cross-sec- 
tions. More  or  less  extensive  spots  are  seen  in  every  section  in 
the  white  or  in  the  gray  substance,  or  in  both  together.  These 
spots  are  gray  or  grayish  yellow,  and  when  exposed  to  the  air 
often  take  on  a  light  reddish  tint  (like  salmon-flesh).  They  are 
somewhat  translucent,  resembling  jelly  or  cartilage,  or  perhaps 
more  opaque ;  flne  white  lines  are  often  seen  running  through 
them  (vessels,  fatty  spots).  They  are  more  or  less  sliarply  cir- 
cumscribed; as  a  rule,  the  edges  are  pretty  shai-ply  defined 
against  the  surrounding  healthy  tissue,  but  sometimes  they  are 
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blurred,  and  the  transition  from  the  diseased  to  the  healthy  tis- 
sue is  more  gradual.  They  are  frequently  very  closely  packed, 
and  sometimes  become  confluent.  In  form  they  are  rounded, 
elliptical  or  more  or  less  irregular,  so  that  it  is  impossible  to  de- 
scribe them  very  accurately. 

The  consistency  of  these  nodules  is,  as  a  rule,  considerably 
increased.  They  are  tough,  dense,  leathery  or  cartilaginous, 
oppose  considerable  resistance  to  the  cutting  instrument,  and 
can  usually  be  recognized  by  the  palpating  finger  as  firm  nodules 
imbedded  in  the  soft  nervous  mass.  In  rare  instances  the  nod- 
ules are  soft,  semifluid,  gelatinous ;  these  are  probably  nodules 
of  recent  date. 

Their  cut  surface  is  smooth,  and  uniformly  glossj'-,  and  gives 
exit  to  a  very  small  quantity  of  clear  fluid.  In  size  they  vary 
greatly.  They  may  be  so  minute  that  they  are  only  revealed  by 
the  microscope,  or  they  may  be  as  large  as  a  hemp-seed,  a  bean 
or  a  hazel-nut,  or  even  larger  ;  between  the  two  extremes  every 
possible  intermediate  stage  may  exist.  In  the  brain  the  diseased 
spots  are  sometimes  very  large  and  diffuse ;  in  the  cord  they  are 
sometimes  greatly  elongated  (from  two  to  ten  centimetres  or  even 
longer — three-quarters  of  an  inch  to  four  inches),  though  con- 
fined to  single  white  columns. 

Their  number  varies  within  the  widest  limits  in  the  individual 
cases.  Sometimes  only  a  few  are  found,  and  again  they  are  so 
numerous  that  they  might  be  numbered  by  hundreds. 

The  distribution  of  the  nodules  in  the  spinal  cord  is  very  dis- 
similar in  different  cases,  and  apparently  depends  entirely  on 
accident.  They  may  be  situated  in  the  white  as  well  as  in  the 
gray  substance.  All  the  white  columns  may  be  attacked  with- 
out distinction ;  the  furrows  on  the  cord  do  not  constitute  bar- 
riers to  the  pathological  process.  In  one  cross-section  the  nod- 
ules will  lie  chiefly  in  the  lateral  column,  in  another  more  in  the 
posterior  columns,  and  in  still  another  perhaps  more  in  the  gray 
substance  ;  in  one  they  will  take  up  the  greater  part  of  the  sec- 
tion, and  in  another  only  a  very  small  part  of  it ;  here  they  Avill 
be  confined  to  one  side,  and  there  they  will  involve  continuously 
both  sides  of  the  cord,  etc.    (See  Fig.  6.) 

The  opinion  held  by  many  authors,  that  the  anterior  col- 
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umns  are  pre-eminently  affected,  holds  true  at  all  events  only 
for  a  small  number  of  the  cases.  The  more  recent  German 
observations  include,  as  it  happens,  several 
cases  in  which  the  disease  attacked  chiefly  the 
posterior  columns. 

Furthermore,  numerous  nodules  are  usu- 
ally found  also  in  the  various  parts  of  the 
caudex  cerebri,  in  the  medulla  oblongata, 
the  floor  of  the  fourth  ventricle,  the  pons, 
and  the  pedunculi  cerebri.  These  parts,  to- 
gether with  the  walls  of  the  lateral  ventricles, 
the  white  substance  of  the  cerebral  hemi- 
spheres, and  the  white  columns  of  the  spinal 
cord,  seem  to  be  the  localities  for  which  the 
nodules  show  most  predilection.  The  nod- 
ules may  be  scattered  throughout  the  entire 
extent  of  the  structures  forming  the  caudex 
cerebri ;  they  are  of  varying  sizes,  and  are 
sometimes  superficial  and  again  deeply  seated, 
sometimes  numerous  and  closely  packed  and 
in  other  cases  more  isolated  (see  Fig.  7).  It 
is  very  rare  for  these  parts  to  be  found  free 
from  disease. 

The  cerebrum  usually  contains  a  large 
number  of  disseminated  nodules,  which  are 
very  distinctly  seen  on  every  section  through 
the  organ.  The  gray  substance  of  the  cortex 
is,  however,  generally  spared  by  the  disease, 
nodules  being  only  exceptionally  found  in  it. 
In  the  central,  white  substance,  the  walls  of 
the  ventricles,  the  corpus  callosum,  etc.,  they 
are,  on  the  other  hand,  exceedingly  numerous. 
As  a  rule,  some  nodules  are  also  found  in  the 
corpora  striata  and  the  thalami  optici. 

In  the  cerebellum^  on  the  contrary,  the 
nodules  are  usually  few  in  number.  Here, 
too,  they  are  located  by  preference  in  the  central  white  sub 
stance,  the  cortical  layers  being  usually  left  exempt. 


1# 


Fio.  (!.  Semi-dingrnmmntlo 
roprcBnntalion  of  the  cholines 
in  mnlliple  sclerosis,  as  seen 
in  sections  made  at  difTeront 
levels  of  tlio  cord.  Tiic  dark 
spots  represent  the  sclerotic 
nodulcB. 
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The  account  just  given  applies  almost  solely  to  nodules  of 
old  standing,  such  as  are  met  with  in  the  bodies  of  persons  who 
have  suffered  for  many  years  from  the  disease.  In  these  cases 
we  usually  find  the  firm,  dense,  gray  masses,  on  which  the  clas- 
sical picture  of  multiple  sclerosis  is  based.  For  an  accurate 
description  of  the  cliaracteristics  of  the  younger  and  youngest 
nodules,  we  must  look  to  the  future.  Zenker  found  in  one  case 
rounded  translucent  masses  of  a  soft  gelatinous  consistency, 
which  presented  a  homogeneous,  structureless  and  colorless 
matrix  enclosing  numerous  cells,  and  which  he  held  to  be  young 
nodules  of  sclerosis.    In  general,  most  observers  manifest  a 


contrary,  they  not  unfrequently  extend  beyond  them  and  estab- 
lish themselves  in  the  nerve-roots  and  nerve-triLiiks.  This  has 
most  frequently  been  observed  in  the  cerebral  nerves.  Here, 
just  as  in  the  central  organ  itself,  gray  translucent,  circum- 
scribed nodules,  involving  the  entire  thickness  of  the  nerves, 
are  not  unfrequently  met  with ;  sometimes  several  of  them  are 
found  on  the  same  nerve.  Such  nodules  have  been  found  in 
the  optici,  the  olfactorii  and  the  trigemini ;  also  in  the  nerves 
of  the  muscles  of  the  eye,  in  the  hypoglossi,  etc.  On  the  roots 
of  the  spinal  nerves,  too,  such  nodules  have  been  repeatedly 


tendency  to  regard  the 
gray  nodules,  which  pos- 
sess a  softer,  and  perhaps 
semi-fluid  consistency,  as 
the  younger,  and  those 
which  are  harder  and  den- 
ser as  the  older.  This  may 
be  on  the  whole  correct, 
but  at  the  same  time  the 
possibility  of  individual 
differences  cannot  be  en- 
tirely excluded. 


Furthermore,  it  must 
also  be  mentioned,  that  the 
sclerotic  nodules  are  not 


Fio.  7.  Distribution  of  sclerotic  nodules  on  the  surface 
of  the  pons.    After  Leube,  Arch.  f.  klin.  Med.  VIII. 


by  any  means  limited  to 
the  central  organs  ;  on  the 
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seen.  On  the  periplieral  nerves,  however,  their  occurrence  has 
not  yet  been  demonstrated  with  sufficient  positiveness. 

Finally,  we  have  still  to  mention  the  fact,  that  in  addition  to 
the  disseminated  sclerosis,  a  more  diffuse  sclerosis  has  also  been 
occasionally  met  with  in  the  cord  as  well  as  in  the  brain  {e.  g., 
the  cases  of  Schuele,  Kelp,  Buchwald).  The  individual,  appar- 
ently isolated  nodules  are  then  united  with  one  another  by  a 
more  or  less  altered  intermediate  tissue.  It  is  probable,  that  a 
gradual  transition  to  a  truly  diffuse  sclerosis  may  take  place  in 
this  way. 

With  respect  to  the  microscopical  appearances  of  the  sclero- 
tic nodules,  we  may,  for  all  the  essential  points,  refer  to  the 
description  given  of  the  microscopical  changes  in  chronic  myeli- 
tis. In  the  opinion  of  almost  all  observers,  multiple  sclerosis 
presents  the  type  of  interstitial  chronic  myelitis.  We  shall 
confine  ourselves  here  to  a  brief  sketch  of  the  histological  ap- 
pearances. 

It  may  be  premised,  that  the  sharp  line  of  division  between 
the  healthy  and  diseased  tissues,  which  is  apparent  when  the 
specimen  is  examined  with  the  naked  eye,  cannot  usually  be 
recognized  under  the  microscope.  On  the  contrary,  a  very  grad- 
ual transition  from  the  normal  into  the  morbid  tissue  can,  as  a 
rule,  be  demonstrated. 

In  the  nodules  themselves  we  find:  more  or  less  marked 
thickening  of  the  trabeculse  of  the  neuroglia,  swelling  and  pro- 
liferation of  the  nuclei,  large  and  very  sharply  defined  spider- 
ceUs ;  gradual  transition  into  a  fibrillated  and  delicately  fibrous 
connective  tissue ;  finally,  nothing  but  parallel  bundles  of  fibrils 
placed  close  to  one  another ;  between  them  remains  of  the  me- 
dulla, fat-  and  granule-cells  and  masses  of  the  same  substance, 
free  fat. 

In  the  nerve-fihres  atrophy  of  the  medullary  sheath  and 
swelling  of  a  few  of  the  axis-cylinders,  most  of  which,  however, 
remain  unchanged;  disappearance  of  the  medullary  sheaths,  per- 
sistence of  the  naked  axis-cylinders,  which  are  closely  embraced 
by  the  small-meshed  fibrillated  tissue  ;  at  last,  the  axis-cylinders 
also  may  become  sclerotic,  glossy,  brittle.  Finally,  these  too 
disappear  in  great  part,  and  there  remains  only  the  dense  fibril- 
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lafced  connective  tissue,  wliicli  contains  large  and  beautiful  spider- 
cells,  a  moderate  abundance  of  nuclei  and  a  varying  number  of 
corpora  amylacea ;  free  fat  and  drops  of  myeline  are  then  usu- 
ally wanting. 

The  remarkably  long  persistence  of  the  axis-cylinder  in  the  sclerotic  tissue, 
which  was  iDointed  out  by  Charcot  and  confirmed  by  Leyden,  does  not  really 
possess  the  importance  ascribed  to  it,  in  the  differential  diagnosis  from  other  forms 
of  chronic  myelitis.  At  all  events,  even  in  advanced  cases  of  sclerosis  of  the  pos- 
terior columns  (tabes),  we  not  unfrequently  find  very  numerous  well-jireserved 
nerve-fibres  and  axis-cylinders ;  hence  I  do  not  think  that  the  persistence  of  tho 
axis-cylinders  can  be  regarded  as  a  radical  point  of  difference  or  an  essential  char- 
acteristic. 

A  considerable  sclerosis  of  the  walls  of  tbe  vessels  is  regularly 
observed.  They  are  thickened,  blended  with  the  surrounding 
fibrillated  tissue,  and  very  rich  in  nuclei ;  not  unfrequently  they 
are  in  a  state  of  pronounced  fatty  degeneration,  and  there  is  an 
abundant  infiltration  of  fat  into  the  lymph-channels  which  en- 
velop them.  The  lumen  of  the  vessel  is  thereby  greatly  dimin- 
ished. 

If  the  sclerotic  process  extends  into  the  gray  substance,  the 
ganglion-cells  located  therein  generally  become  atrophied.  They 
frequently  acquire  a  strikingly  yellow  color  (yellow  degenera- 
tion), and  are  no  longer  stained  perfectly  by  carmine ;  later  on 
they  undergo  colloid  atrophy,  lose  their  processes,  and  may 
finally  be  completely  destroyed. 

Very  little  attention  has  hitherto  been  paid,  in  cases  of  mul- 
tiple sclerosis,  to  the  familiar  secondary  degenerations.  I  find 
them  hardly  ever  mentioned,  and  still,  in  view  of  the  position 
and  extent  of  many  sclerotic  nodules,  their  absence  would  seem 
decidedly  remarkable.  They  seem  at  all  events  to  occur  rela- 
tively very  seldom ;  in  many  cases,  however,  it  might  be  difiicult, 
without  a  very  searching  examination,  to  decide  exactly  what 
belongs  to  the  primary  sclerotic  nodule  and  what  to  the  second- 
ary degeneration.  A  closer  study  of  this  question  would  be  de- 
sirable. 

Jolly's  case  is  the  only  one  in  which  the  descending  degeneration  of  the  lateral 
columns  is  expressly  mentioned.    It  is  not  positively  certain,  however,  that  the  case 
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belongs  in  the  present  category.  The  cord  was  free,  and  the  changes  in  the  bruin 
were  of  a  more  diffuse  character. 

In  addition  to  the  changes  in  the  central  organs  themselves, 
some  other  subordinate  alterations  take  place,  which  require 
only  a  brief  mention.  The  skull-cap  is  frequently  found  abnor- 
mal ;  it  may  be  thickened  or  thinned,  presenting  sclerotic  or 
eroded  spots.  The  membranes  of  the  brain  and  cord  are  fre- 
quently perfectly  normal,  but  in  other  cases  present  more  or  less 
pronounced  evidences  of  hypersemia  and  chronic  inflammation. 
The  cerebro-spinal  fluid  is,  as  a  rule,  increased,  frequently 
cloudy,  somewhat  flocculent,  etc.;  the  ventricles  are  considera- 
bly dilated. 

In  the  other  organs  of  the  body  (muscles,  peripheral  nerves, 
skin,  bones,  bladder,  kidneys,  lungs,  etc.)  the  changes  already 
spoken  of  in  connection  with  chronic  myelitis  are  occasionally 
observed.  Some  of  them  are  direct  consequences  of  the  severe 
spinal  affection  (such  as  bed-sores,  vesical  diphtheria,  pyelone- 
phritis, etc.),  while  others  constitute  more  or  less  accidental  com- 
plications or  terminal  diseases  (pneumonia,  pleuritis,  pneumo- 
phtliisis,  typhus,  etc.,  etc.).    It  is  unnecessary  to  speak  of  them 

LEEDS  c^<V/L::).-r. 

Pathology  of  Multiple  Sclerosis. 

Syijuptoms. 

General  clinical  liistory. — In  the  majority  of  the  cases  the 
disease  develops  gradually  and  insidiously.  Sometimes,  how- 
ever, it  commences  abruptly  :  the  scene  is  opened  by  an  apoplec- 
tiform attack,  a  sudden  paralysis,  severe  headache  and  vertigo, 
or  the  like. 

In  the  cases  which  develop  slowly  the  initial  symptoms  are 
usually  very  obscure,  vague  and  manifold.  Sometimes  they  are 
cliiefly  referable  to  the  spine  and  sometimes  to  the  brain.  In  one 
case  there  may  be  slight  disturbances  of  sensation,  parfesthesia, 
weakness,  paresis  of  the  lower  extremities,  uncertainty  of  gait, 
disturbances  of  co-ordination  recalling  those  of  ataxia,  difficulty 
in  writing,  cardialgic  attacks  (so-called  crises  gastriques)  with 
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vomiting,  etc.  In  anotlier  there  may  be  vertigo,  headache,  stag- 
gering gait,  tremor  of  certain  muscles  or  limbs,  impairments  of 
speech,  of  sight  and  of  particular  cerebral  nerves,  psychical  dis- 
turbances, and  a  convulsive  or  apoplectiform  attack.  The  com- 
mencement of  the  disease  is  very  frequently  marked  b}^  7{,ead- 
acJie,  dizziness,  uncertain  gait  and  slight  psycJdcal  depression. 
It  is  evident,  however,  that  the  initial  symptoms  may  occasion- 
ally show  themselves  in  all  possible  parts  of  the  body. 

The  symptoms  slowly  become  more  severe,  and  new  ones 
are  gradually  or  abruptly  added.  The  disease  continues  for 
years  with  slight  fluctuations  and  occasional,  deceptive  improve- 
ment, but  the  practised  eye  can  usually  recognize  a  slow,  progres- 
sive aggravation.  The  forms  in  which  the  disease  can  present 
itself  are  exceedingly  numerous,  and  Charcot  was  right  when  he 
called  it  par  excellence  a  polymorphous  affection. 

In  marked  and  typical  cases  the  following  morbid  picture,  or 
something  very  like  it,  is  developed  after  the  lapse  of  a  variable 
period.  The  patients  complain  of  sensory  disturhaiices  which 
tiary  very  greatly  in  intensity,  quality  and  localization.  Usu- 
ally there  are  only  parfesthesise  ;  severe  pains  are  less  common, 
l)ut  still  they  do  occur.  They  assume  the  most  manifold  shapes, 
and  may  present  themselves  in  any  part  of  the  body  ;  they  may 
take  the  form  of  facial  neuralgia,  or  of  girdle-pains,  or  of  lanci- 
nating or  diffuse  pains  in  the  extremities  or  the  trunk,  etc.  To 
these  are  added  later,  ansesthesise  of  varying  degree  and  location, 
impairment  of  the  muscular  sense,  etc.  It  is  a  striking  fact, 
however,  that  in  a  relatively  large  number  of  the  cases,  these 
sensory  disturbances  are  very  slightly  developed  or  even  entirely 
wanting ;  at  least  the  objective  examination  often  fails  entu'ely 
to  reveal  any  of  them. 

The  motor  disticrhances,  on  the  other  hand,  are  generally 
much  more  constant  and  more  severe.  The  first  to  attract  atten- 
tion are  usually  pareses  and  paralyses,  which  almost  always 
begin  in  one  leg,  and  extend  subsequently  to  the  other  leg  and 
then  to  the  arms ;  occasionally,  however,  they  occur  in  some 
other  order  of  development,  all  imaginable  variations  from  the- 
above  sequence  being  possible.  From  a  simple  difficulty  in  walk- 
ing, which  is  usually  of  a  spastic  character  (see  Part  I.,  p.  97), 
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tlie  disease  passes  slowly  through  all  the  stages  of  development 
up  to  complete  paraplegia.  Muscular  contractions  (Muskelspan- 
nungen)  usually  make  their  appearance  early,  and  in  the  later 
stages  very  marked  contractures  of  the  lower  extremities  are  the 
rule ;  the  legs  are  held  as  rigid  as  sticks  in  a  position  of  exten- 
sion and  adduction.  In  the  upper  extremities  the  paralyses 
rarely  attain  such  a  high  grade  as  in  the  lower  extremities,  and 
contractures  are  rarer ;  still  both  contractures  and  marked  par- 
alyses occur  in  them. 

In  a  certain  number  of  the  cases,  there  is  also  true  and  pro- 
nounced ataxia  of  the  extremities.  The  most  trustworthy  ob- 
servers report  that  they  have  seen  exquisitely  jerking  move- 
ments of  the  legs,  setting  down  of  the  heels,  etc.,  with  the  con- 
sequent uncertainty  in  walking  and  standing  ;  also  corresponding 
ataxic  disturbances  of  movement  in  the  hands,  etc. 

A  particularly  striking,  and  in  most  cases  exceedingly  im- 
portant and  characteristic  symptom,  is  an  active,  sliaking  tre- 
mor^ which  occurs  chiefly  or  exclusively  during  voluntary  move- 
ments (volitional  trembling),  and  disappears  or  becomes  scarcely 
noticeable  during  rest.  As  long  as  the  patient  remains  quietly 
seated,  there  is  either  no  tremor  at  all,  or  at  most  a  slight  shaking 
movement  of  the  head,  or  a  slight  oscillation  of  the  trunk.  As 
soon,  however,  as  he  attempts  to  seize  anything  with  the  hand, 
the  tremor  sets  in ;  it  is  a  forcible,  rhythmical,  shaking  move- 
ment, which  increases  in  violence  with  the  increase  in  the  force 
of  will  exerted,  and  which  is  very  different  in  character  from  the 
irregular,  impulsive  movements  of  ataxia,  although  it  is  occa- 
sionally combined  with  them.  The  intended  movement  is  gener- 
ally carried  out  correctly,  but  it  is  attended  by  oscillatory 
vibrations  with  more  or  less  regular  excursions.  When  the 
patient  attempts  to  raise  a  glass  to  his  mouth,  he  cannot  do  it 
without  spilling  the  contents,  which  are  often  scattered  widely 
about  him;  if  he  succeed  Anally  in  the  attempt,  the  tremor 
makes  the  glass  rattle  against  his  teeth  in  a  rhythmical  manner. 
The  oscillations  increase  as  the  goal  is  approached,  in  a  direct 
ratio  with  the  increasing  intensity  of  the  will-force,  and  the  aug- 
menting strain  on  tlie  attention.  The  oscillations  of  the  head  and 
the  trunk  also  increase  in  intensity,  when  movements  of  the 
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arms  are  attempted.  When  tlie  patient  rises  and  attempts  to 
walk,  the  tremor  involves  the  entire  bod}'-.  He  staggers  on  his 
feet,  and  his  entire  body,  head  and  arms  are  shaken  by  a  violent 
tremor  ;  in  the  severer  grades  of  the  affection  he  is  often  unable 
even  to  stand,  let  alone  to  walk. 

As  soon  as  the  effort  of  will  is  relaxed  and  the  limbs  are  sup- 
ported, the  tremor  ceases.  While  the  patient  is  in  the  recumbent 
posture  with  the  head  well  supported,  no  trace  of  it  can,  as  a 
rule,  be  detected,  but  the  slightest  effort  of  the  will,  any  strong 
^emotion,  and  any  excitement  will  immediately  call  it  forth  in  a 
very  marked  degree.  A  continuous  tremor,  persisting  also  dur- 
ing rest,  and  hence  resembling  somewhat  the  tremor  of  j)aralysis 
agitans,  has  only  been  observed  in  a  few  isolated  cases  ;  in  some 
of  these  it  was  a  transitory  and  in  others  a  persistent  symptom. 

In  connection  with  all  these  motor  disturbances,  the  condition 
of  the  reflex  actimty  m^j  vary.  Usually  it  remains  unaffected 
for  a  long  time,  sometimes  it  is  diminished,  but  frequently,  es- 
pecially in  the  ordinary  cases  which  present  paraplegia  and  mus- 
cular contractions,  it  is  increased,  the  tendon-reflexes  in  par- 
ticular being  exquisitel}^  developed. 

The  'Gesical  disturbances  are  usually  remarkably  trivial,  per- 
haps on  account  of  the  relatively  slight  implication  of  the  gray 
substance  of  the  cord.  In  some  cases,  however,  all  imaginable 
disturbances  of  the  vesical  function,  from  the  most  trivial  up  to 
the  most  severe,  viz.,  retention  and  incontinence,  have  been  ob- 
served, just  as  in  the  other  forms  of  chronic  myelitis.  Usually, 
however,  these  symptoms  belong  to  the  latest  stages.  The  same 
statements  may  be  made  with  respect  to  the  rectal  function  and 
the  sexual  powers.  The  latter  often  remain  unaffected  for  a  re- 
markably long  time,  but  towards  the  last  they  almost  invariably 
become  impaired,  and  are  finally  extinguished. 

Trojpliic  dlsturhances  are  usually  wanting  for  a  long  time. 
As  a  rule,  the  blooming  appearance  of  the  patients  presents  a 
striking  contrast  to  the  complete  helplessness  to  which  they  are 
condemned  by  the  motor  disturbances.  Sooner  or  later,  how- 
ever, but  in  general  only  in  the  last  stage,  trophic  disturbances 
of  various  kinds  are  wont  to  occur.  The  muscles  become  atro- 
phied and  lose  their  electric  excitability.    Bed-sores  are  devel- 
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oped,  the  state  of  the  general  nutrition  sinks  along  with  the  di- 
gestive powers,  and  fever  hastens  the  advance  of  the  cachexia. 

The  symptoms  thus  far  enumerated  are  supplemented  in  most 
cases  by  a  series  of  phenomena,  whose  origin  can  positively  be 
referred  to  changes  in  the  brain  {cephalic  or  cerebral  symptoms). 
We  must  mention  tirst  certain  bulbar  symptons,  which  are 
among  the  most  important  of  the  entire  morbid  picture  ;  first  of 
all,  a  remarkable  alteration  of  speech  and  of  the  mice.  The 
speech  is  slow,  hesitating,  distinctly  scanning,  and  later  on  more 
or  less  indistinct.  The  voice  is  weak,  monotonous,  and  has  less 
staying  power.  The  acts  of  laughing  and  crying  are  accom- 
panied by  peculiar,  noisy  inspirations.  Later  on  the  movements 
of  the  tongue  and  lips  are  not  unfrequently  impaired,  mastica- 
tion and  deglutition  are  accomplished  with  great  difficulty,  etc. 

The  disorders  of  the  organ  of  vision  are,  as  a  rule,  very  signifi- 
cant. Temporary  or  permanent  diplopia^  due  to  jDareses  of  the 
ocular  muscles,  has  been  observed.  A  marked  nystagmus., 
which,  according  to  the  statements  of  diiferent  observers,  is  in- 
creased by  any  exertion  of  the  will  or  by  any  violent  emotion,  is 
very  common.  Finally,  amblyopia  is  not  infrequent,  but  it  is 
only  in  a  few  cases  that  it  increases  to  complete  amaurosis,  with 
atrophy  of  the  optic  nerve  as  its  basis. 

Furthermore,  psychical  derangements  are  very  generally 
present.  Often,  these  consist  only  in  slight  irritability,  changes 
in  disposition,  a  more  active  reaction  to  all  sorts  of  impressions, 
a  great  tendency  to  weep,  or  to  laugh  without  motive,  etc.  Im- 
pairment of  the  memory  and  the  intelligence  is  common,  as  is 
also  the  development  of  pronounced  psychoses;  melancholia, 
monomania  taking  the  form  of  persecution  or  of  exaltation,  final- 
ly craziness  and  complete  dementia. 

The  attaclis  of  vertigo,  the  sleeplessness  and  xiolent  head- 
aches, which  are  not  unfrequently  observed,  complete  this  pic- 
ture ;  and  when  we  add  that  in  some  cases  repeated  apop)lectiform 
attacks,  accompanied  by  high  fever  and  followed  by  temporary 
hemiplegia,  are  observed,  we  have  therewith  put  the  finishing 
touch  to  the  general  description  of  tlie  clinical  iiistory. 

This  description,  however,  applies  only  to  the  very  pro- 
nounced and  typical  cases  of  the  disease.    It  cannot  be  denied 
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that  the  variations  are  exceedingly  numerous  ;  tliat,  on  the  one 
hand,  this  or  that  symptom  may  be  wanting,  while  on  the  other 
hand,  symptoms  may  occupy  the  foreground,  which  will  stamp 
the  clinical  history  with  a  great  resemblance  to  that  of  other 
known  diseases.  The  accidental  localization  of  the  ^jrincipal 
nodules  affords  a  ready  explanation  of  the  fact,  that  certain 
cases  present  an  unmistakable  resemblance  to  sclerosis  of  the 
posterior  or  of  the  lateral  columns,  or  to  myelitis  transversalis, 
etc.  The  inconstancy  of  often  the  most  important  symptoms, 
the  absence  of  some,  the  occurrence  of  others,  and  the  great 
changeableness  of  the  clinical  picture,  also  find  a  natural  expla- 
nation in  the  great  differences  in  the  number  and  localization  of 
the  nodules  in  the  different  cases. 

An  attempt  has  been  made  to  differentiate  different  forms  of 
the  affection,  according  to  the  predominating  localization  of  the 
disease.  The  most  frequent  form  has  been  accordingly  desig- 
nated as  the  cerebrospinal,  because  in  it  the  nodules  are  found 
both  in  the  brain  and  the  cord  ;  in  contrast  to  it,  a  purely  spinal 
form  (with  exclusive  spinal  localization)  and  a  purely  cerebral 
form  (with  exclusive  cerebral  localization)  have  also  been  set  up. 
We  shall  return  to  this  point  in  another  place,  and  we  shall  see 
that  in  practice  this  sharp  differentiation  is,  as  a  rule,  impos- 
sible. 

The  course  of  the  disease  is  usually  exceeaingly  slow  and 
sluggish.  A  very  striking  improvement  sometimes  occurs — an 
actual  remission  that  almost  simulates  a  cure.  It  is  wont  to  be 
deceptive,  however,  and  is  rarely  persistent.  Usually  the  dis- 
ease makes  continuous,  though  often  very  slow  progress.  Its 
duration  must  be  reckoned  by  years,  often  by  many  j^ears.  As 
time  elapses,  all  the  symptoms  increase  in  intensity  and  extent ; 
the  paralysis,  the  contractures,  and  the  psychical  weakness 
assume  more  and  more  the  upper  hand,  and  bring  about  an 
exceedingly  deplorable  state  of  affairs.  The  speech  becomes 
more  and  more  unintelligible,  the  pains  augment,  and  the  rest- 
lessness of  the  limbs  becomes  unbearable  ;  affections  of  the  blad- 
der and  bed-sores,  with  all  their  consequences,  are  superadded. 
Those  patients  are  most  fortunate  who  are  rapidlj^  carried  off  by 
some  acute  intercurrent  disease  (pneumonia,  septicemia,  typhus. 


:\[ULT1PLE  SOLEKOSIS. 


489 


cliolera,  etc.),  as  they  tliereby  escape  a  lingering  death  after  un- 
utterable sufferings,  from  the  advancing  general  cachexia. 

Analysis  of  the  Indimd,%tal  Symptoms. 

It  is  not  necessary  here  to  go  into  all  the  details,  since  a  great 
number  of  the  phenomena  met  with  are  to  be  explained  exactly 
in  the  same  way,  as  the  same  symptoms  in  chronic  myelitis. 
Hence,  we  can,  for  many  of  them,  refer  to  the  preceding  chapter. 
This  applies  especially  to  the  disturbances  of  sensibility,  the 
paretic  and  paralj'-tic  phenomena,  the  state  of  the  reflex  activity, 
the  muscular  contractions  and  contractures,  the  vesical  symp- 
toms, the  occasional  atrophy  of  the  muscles,  the  bed-sores,  etc. 
Of  course  a  part  of  these  symptoms  may  be  of  cerebral  origin, 
e.g.,  the  pareses  and  paralyses,  which  may  be  due  to  sclerotic 
nodules  situated  in  the  thalami  optici,  the  corpora  striata,  the 
pedunculi,  etc. 

Many  authors  speak  of  the  absence  of  marked,  objective  dis- 
turbances of  sensibility,  which  they  claim  to  be  especially  charac- 
teristic of  the  disease.  This  is,  however,  decidedly  incorrect. 
Berlin  found  disturbances  of  sensibility  noted  in  fifteen  of  the 
thirty-nine  cases  examined  by  him.  In  not  a  few  cases  all  jpos- 
sible  varieties  and  grades  of  sensory  disturbance  are  found.  In 
Engesser's  case,  there  were  distinct  diminution  of  the  cutaneous 
sensibility  and  considerable  impairment  of  the  muscular  sense, 
with  much  staggering  when  the  eyes  were  closed,  but  without 
ataxia.  Other  cases  have  presented  marked  ataxia,  without  any 
disturbance  of  sensibility,  and  also  without  any  staggering  when 
the  eyes  were  closed— a  fresh  proof  that  this  last  symptom  has 
a  direct  dependence  solely  on  the  sensory  disturbance,  and  has 
no  connection  with  the  ataxia  as  such.  It  is  certainly  remark- 
able, that  in  many  cases  the  disturbance  of  sensibility  should  be 
so  exceedingly  trivial,  or  even  entirely  absent,  in  spite  of  wide- 
spread multiple  sclerosis  involving  also  the  posterior  columns. 
Schuele  has  investigated  this  question  thoroughly,  and  found  in 
the  immunity  from  the  lesion  of  certain  parts  of  the  posterior 
columns  and  the  gray  substance,  the  conditions  which  in  all 
probability  secure  the  undisturbed  conduction  of  the  sensory 
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impressions,  despite  apparently  large  gaps  in  the  normal  sensory- 
tracks. 

We  must  now  devote  some  space  to  a  special  discussion  of 
that  very  important  and  characteristic  symptom,  the  slialcing 
tremor  during  'ooluntary  momments  (the  volitional  trembling — 
Intentionszittern — of  F.  Schultze).  This  presents  a  very  peculiar 
and  easily  recognized  ensemble.  While  the  patients  remain 
seated,  we  notice  only  a  slight  rhythmical  trembling  and  oscilla- 
tion of  the  trunk  and  the  head,  the  extremities  remaining  quiet. 
It  must  be  borne  in  mind  in  this  connection,  that  in  the  act  of 
sitting  the  muscles  of  the  trunk  are  constantly  in  a  state  of 
slight  action,  which  is  requisite  for  the  retention  of  the  equi- 
poise. 

As  soon  as  any  movement  is  made  with  the  upper  extremities, 
an  active  trembling  and  shaking  becomes  noticeable  in  them, 
while  at  the  same  time  the  oscillations  of  the  head  increase  in 
intensity.  All  delicate  and  even  all  coarse  manipulations  are 
thereby  impeded  or  made  impossible  ;  in  writing,  the  letters  are 
very  greatly  distorted,  and  finally  become  entu-ely  undecipher- 
able, etc. 

When  the  patients  attempt  to  stand  and  walk,  the  entire  body 
is  violently  agitated,  the  legs  being  particularly  affected.  In  the 
highest  grades  of  the  affection,  both  walking  and  standing  are 
rendered  impossible  by  this  shaking  ;  in  the  slighter  grades,  it  is 
observed  particularly  in  changing  from  one  position  to  another, 
in  rising  from  a  chair,  at  the  commencement  of  a  walk,  etc. 

On  the  other  hand,  when  the  patients  are  in  a  position  of  per- 
fect rest,  lying  comfortably  in  bed,  no  trace  of  the  tremor  can  be 
noticed,  at  least  in  the  majority  of  the  cases.  Strong  emotion 
(anger,  irritation,  embarrassment,  shame)  will,  however,  excite 
the  tremor  in  these  cases  even  during  the  state  of  rest,  just  as 
it  will  notably  increase  it  during  voluntary  motion.  In  con- 
trast to  the  above,  it  is  recorded  of  isolated  cases,  that  a  shaking 
movement  of  the  extremities  was  present  even  during  perfect 
mental  and  bodily  rest,  and  persisted  more  or  less  uninter- 
ruptedly for  days,  weeks,  or  even  longer.  I  have  myself  ob- 
served one  such  case.  The  unfortunate  patient  was  almost  con- 
stantly tormented  in  the  most  pitiable  manner  by  tremor-like, 
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twitching  movements  of  the  extremities  ;  there  was  but  one  way 
in  which  the  restless  movements  could  be  controlled  even  ior  a 
few  minutes,  and  that  was  by  firmly  holding  the  limbs. 

It  is  very  probable  that  in  such  severe  and  intense  cases  even  the  automatic 
movements  of  voluntary  muscles,  e.  g.,  the  respiratory  act,  or  the  half  involuntary 
movements  of  the  muscles  of  the  eye,  the  muscles  of  facial  expression,  etc.,  are  capa- 
ble of  exciting  and  keeping  up  the  shaking  tremor,  while  the  body  is  apparently  at 
rest. 

In  the  great  majority  of  the  cases,  however,  and  in  the  first 
stages  of  the  disease,  it  is  always  a  very  essential  and  character- 
istic point,  that  the  tremor  is  ingrafted  on  the  voluntary  move- 
ments, that  it  appears  with  every  innervation  of  the  muscles. 
Even  in  the  later  stages,  when  the  tremor  has  become  more  con- 
tinuous, it  is  at  all  events  certain  that  it  is  enormously  increased 
by  every  attempt  at  movement.  As  a  rule,  it  is  wanting  during 
absolute  rest,  and  appears  in  connection  with  all  voluntary  or  in- 
voluntary movements,  becoming  more  intense  as  they  become 
more  forcible  ;  the  more  extensive  the  movement,  the  more  forci- 
bly it  is  performed,  the  more  the  attention  is  directed  to  it,  so 
much  the  more  violent  is  the  tremor. 

Therein  lies  also  the  essential  point  of  difference  ietween  the 
tremor  of  multiple  sclerosis  and  that  of  paralysis  agitans,  two 
forms  of  tremor  which  were  almost  invariably  confounded  until 
Charcot  pointed  out  their  exact  differential  characteristics.  In 
paralysis  agitans  the  trembling  is  observed  also  during  perfect 
rest ;  it  is  not  increased  by  voluntary  movement,  but,  on  the  con- 
trary, the  patients  are  able— at  all  events  in  the  earlier  stages  of 
the  affection — to  control  it  for  a  time  at  least  by  force  of  will  ; 
any  voluntary  movement,  any  change  in  the  position  of  the  limb, 
is  sufficient  to  still  the  tremor  for  a  few  minutes,  but  it  graduallj- 
begins  again  after  the  limb  has  lain  quiet  for  a  time.  The  char- 
acter of  the  tremor  also  is  essentially  different  in  the  two  affec- 
tions. In  paralysis  agitans  the  oscillations  are  much  smaller 
and  more  frequent  ;  they  possess  more  of  the  character  of  a  true 
tremor,  than  do  the  wide  oscillations  of  multiple  sclerosis.  In 
the  latter,  moreover,  the  tremor  of  the  hands  frequently  assumes 
a  peculiar  and  very  characteristic  type  ;  it  looks  as  if  the  patients 


492   EKB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

were  about  to  spin,  or  to  mix  pills,  or  the  like.  The  head  is  sel- 
dom or  never  involved  in  the  tremor  of  paralysis  agitans. 

As  far  as  I  can  judge  from  my  own  experience,  the  trembling 
of  paralysis  agitans  can  in  most  cases  be  easily  distinguished 
from  the  shaking  of  multiple  sclerosis.  Any  one  who  has  once 
observed  closely  and  compared  the  two  forms  of  tremor,  will 
never  confound  them  together  in  pronounced  cases.  It  would 
be  very  wrong,  however,  to  conceal  the  fact,  that  cases  of  multi- 
ple sclerosis  occur,  in  which  the  tremor  resembles  in  character 
very  closely  that  of  paralysis  agitans,  and  in  which  the  decision 
as  to  the  quality  of  this  one  symptom  may  be  very  difficult — cases 
in  which  the  two  forms  of  tremor  exist  side  by  side.  It  is  in  my 
opinion  much  more  correct,  to  assume  a  combination  and  compli- 
cation of  two  different  clinical  processes  in  such  cases,  than  to 
deduce  from  them,  few  in  number  as  they  certainly  are,  the  con- 
clusions that  the  two  forms  of  tremor  are  not  essentially  different, 
and  that  they  can  occur  promiscuously  in  both  diseases.  The 
former  view  is  supported  by  the  great  majority  of  the  observa- 
tions, which  speak  plainly  in  favor  of  the  essential  difference  of 
the  two  forms  of  tremor.  We  must  wait  for  more  accurate  ob- 
servations, however,  before  passing  finally  on  the  correctness  of 
this  view. 

With  actual  clwreic  movements,  the  shaking  tremor  of  mul- 
tiple sclerosis  cannot  be  easily  confounded  in  ordinary  cases. 
The  movements  in  chorea  are  very  irregular,  violent  and  impul- 
sive, and  not  rhythmic  or  oscillating  as  those  of  multiple  sclero- 
sis. They  occur  also  during  rest  very  abruptl}^  and  without 
apparent  cause.  In  chorea  the  direction  of  an  intended  move- 
ment is  altogether  distorted  ;  it  is  zigzag  and  irregular :  in  mul- 
tiple sclerosis  the  general  direction  of  the  movement  is  preserved, 
but  the  line  of  movement  is  wavy,  oscillating  about  a  central  line. 
This  holds  true,  at  all  events,  in  the  tj'-pical  cases  of  the  two  dis- 
eases ;  here  too,  however,  it  seems  to  me  that  combinations  and 
undecided  intermediate  forms  occasionally  occur,  in  which  doubt 
may  arise  as  to  the  proper  classification  of  the  existing  motor 
disturbance. 

These  remarks  apply  also  to  true  ataxia^  that  disturbance  of 
co-ordination  which  is  present  in  its  typical  form  in  the  sclerosis 
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of  the  posterior  columns.  Here,  too,  tlie  differentiation  is  very 
easy  in  ordinary  cases.  The  ataxic  movements  do  not  constitute 
a  regular,  rhythmical  trembling  or  shaking ;  on  the  contrary, 
they  are  disorderly,  immoderate,  jerking  movements,  vs^hich  make 
their  appearance  at  the  moment  a  voluntary  impulse  is  formed 
and  frustrate  the  intended  movement.  It  is  very  difficult  to  de- 
scribe them  in  detail,  but  when  once  seen  and  studied,  they  can 
scarcely  be  confounded  with  anything  else.  Here  too,  however, 
and  much  more  frequently  even  than  in  the  cases  of  paralysis 
agitans  and  chorea,  combinations  and  mixed  forms  occur,  which 
permit  the  development  of  both  motor  disturbances  in  one  and 
the  same  patient,  and  which  lead  uncritical  observers  to  con- 
found them  together  both  in  description  and  in  pathogenesis.  It 
is,  in  my  opinion,  exactly  in  these  cases,  that  it  is  most  easy  to 
recognize  the  combination  of  tlie  two  motor  disturbances,  to  de- 
monstrate the  simultaneous  occurrence  of  ataxia  and  volitional 
tremor  ;  in  fact  it  has  already  been  repeatedly  demonstrated  by 
different  observers.  The  pathogenetic  explanation  of  this  com- 
bination is  ready  at  hand,  since  the  anatomical  basis  of  the 
ataxia  is  given  in  the  location  of  sclerotic  nodules  in  the  posterior 
columns.  Other  symptoms  of  sclerosis  of  the  posterior  columns 
are  usually  present  in  such  cases,  viz.,  lancinating  pains,  anaes- 
thesia, impairment  of  the  muscular  sense,  staggering  when  the 
eyes  are  closed,  etc.  With  regard  to  the  volitional  tremor  itself, 
we  are,  it  is  true,  not  yet  in  an  equally  desirable  position,  for  we 
are  unable  to  ascribe  it  even  with  probability  to  any  specific 
anatomical  localization. 

The  tremor  is  one  of  the  most  constant,  and  unquestionably 
one  of  the  most  characteristic  symptoms  of  multiple  sclerosis ; 
whenever  it  is  met  with,  it  must  direct  the  attention  to  that  dis- 
ease. It  is  not  always  present,  however,  not  a  few  cases  having 
been  recorded,  in  which  it  was  absent  throughout  the  entire  course 
of  the  disease  (Leube,  Ebstein,  Engesser,  Jolly,  and  others),  cases, 
moreover,  to  which  Charcot's  suggestion,  that  it  may  perhaps 
have  existed  during  a  time  when  the  patients  were  not  under  ob- 
servation, cannot  well  apply.  It  is  certainly  true,  that  the  charac- 
teristic tremor  diminishes  in  the  later  stages  of  the  disease,  and 
finally  disappears  entirely.    This  diminution  progresses  in  an 
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inverse  ratio  to  the  increase  in  the  prominence  of  the  j)aralysis  and 
the  contractures.  Another  form  of  tremor,  however,  frequently 
appears  at  this  time,  namely,  the  clonic  tremor  on  passive  dorsal 
flexion  of  the  foot  (the  so-called  epilepsie  spinale  of  Brown- 
Seqiiard  and  Charcot).  We  have  already  shown  (Part  I.,  p.  101) 
that  this  is  a  reflex  phenomenon,  and  that  it  is  usually  connected 
with  increased  tendon-reflexes.  Beyond  the  external  form,  it  has 
nothing  in  common  with  the  volitional  tremor,  and  only  a  super- 
ficial observer  would  confound  it  with  the  tremor  that  accompa- 
nies voluntary  movements,  and  utilize  it  in  the  characterization 
of  multiple  sclerosis. 

The  origin  of  the  typical  volitional  tremor  of  multiple  scle- 
rosis is  as  yet  exceedingly  problematical.  It  is  a  variety  of 
derangement  of  co-ordination,  which,  however,  when  closely  ex- 
amined, differs  very  essentially  from  true  ataxia,  and  hence  must 
certainly  have  another  anatomical  basis.  Charcot's  theory,  that 
the  relatively  long  persistence  of  the  axis-cylinders  in  the  sclero- 
tic nodules  might  perhaps  have  something  to  do  with  it,  because 
the  impulse  of  the  will  would  be  conducted  through  the  naked 
axis-cylinders  only  in  a  sort  of  jerking  manner,  will  certainly  not 
find  many  adherents.  It  is  open  to  too  many  objections.  The 
theory,  that  some  specific  localization  of  the  sclerotic  nodules  is 
answerable  for  the  production  of  the  tremor,  is  certainly  more 
plausible,  and  it  is  maintained  by  many  authors.  Ordenstein 
asserts,  that  it  is  principally  the  pons  and  the  parts  of  the  brain 
situated  in  front  of  it,  that  come  into  question  here,  and  Ham- 
mond says,  that  the  tremor  is  wanting  in  the  exclusively  spinal 
cases. 

In  point  of  fact,  if  we  pass  in  review  the  recorded  cases  of 
simple  chronic  myelitis,  we  do  not  find  this  characteristic  tremor 
enumerated  among  the  symptoms,  even  when  several  centres  of 
disease  exist  in  the  cord.  The  matter  becomes  more  difficult  to 
decide,  when  the  individual  cases  of  multiple  sclerosis  are  under 
examination,  because  in  them  the  wide  extension  and  great  mul- 
tiplicity of  the  nodules  place  almost  unconquerable  obstacles  in 
the  way  of  every  attempt  to  draw  a  simple  and  clear  conclusion. 
Still,  a  critical  study  of  these  cases  reveals  some  facts  that  are 
worthy  of  note.    Thus  Ebstein  describes  a  case  of  purely  spinal 
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localization  without  tremor,  but  witli  ataxia  ;  in  Kelp's  case,  on 
the  contrary,  which  belonged  to  the  purely  cerebral  form,  the 
tremor  was  present.  Engesser  also  describes  a  case  without  tre- 
mor, in  which  the  localization  was  predominantly  spinal,  and 
Vulpian's  first  case  was  of  the  same  sort.  From  these  facts  it 
seems  to  follow,  that  the  localization  of  single  nodules  in  the 
brain  is,  in  point  of  fact,  7iecessary  for  the  production  of  the  tre- 
mor. It  is  still  more  difficult  to  decide  exactly  what  j)arts  of 
the  brain  must  be  affected,  in  order  to  produce  the  tremor.  I 
have  examined  twenty-two  recent  cases,  with  a  special  view  to 
the  decision  of  this  question.  In  all  of  them  which  had  pre- 
sented the  tremor  during  life,  the  structures  of  the  caudex  (pons, 
medulla  oblongata,  pedunculi,  etc.),  besides  other  portions  of 
the  brain,  were  particularly  involved  in  the  sclerosis ;  on  the 
other  hand,  in  the  few  cases  in  which  the  tremor  was  absent 
during  life,  although  nodules  existed  elsewhere  in  the  brain, 
there  were  either  none  at  all  or  at  most  only  small  ones  in 
the  pons,  the  oblongata,  the  cerebellum,  etc.  (See  the  cases  of 
Jolly,  Leube  and  Engesser).  Uncertain  and  ambiguous  as  these 
facts  may  be,  they  at  all  events  speak  in  favor  of  the  opinion 
expressed  by  Ordenstein,  that  the  localization  of  the  nodules  in 
the  pons  and  the  parts  of  the  brain  situated  anterior  to  it,  is  an 
essential  condition  for  the  production  of  the  tremor.  This  con- 
clusion withal  necessarily  rests  on  very  insecure  foundations, 
and  numerous  observations  are  requisite  for  its  complete  con- 
firmation. At  all  events,  the  appearance  of  volitional  tremor 
furnishes  even  now  valuable  evidence  that  a  pathological  pro- 
cess has  been  established  in  the  brain  itself,  evidence  which, 
in  doubtful  cases,  may  prove  of  great  diagnostic  value. 

Among  the  motor  symptoms,  the  tonic  contraction  of  the 
paralyzed  muscles,  which  appears  in  the  later  stages  and  may 
subsequently  increase  to  very  marked  contracture,  also  deserves 
mention.  It  affects  pre-eminently  the  lower  extremities,  which 
are  also,  as  a  rule,  more  intensely  affected  by  the  paralysis.  At 
first  isolated  attacks  of  spasmodic  extension,  of  tonic  stiffness  of 
the  legs,  etc.,  occur,  either  spontaneously  or  when  the  patients 
attempt  to  perform  some  movement ;  or  they  may  be  excited  by 
external  cutaneous  irritants,  or  probably  also  by  violent  emo- 
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tioiis.  In  a  certain  stage  of  the  disease,  movements,  which 
are  otherwise  still  practicable,  may  be  greatly  interfered  witli 
by  these  attacks  of  stiffness  and  rigidity.  The  attacks  become 
progressively  more  frequent  and  more  prolonged,  until  finally 
permanent  contractures  in  the  position  of  extension  are  devel- 
oped ;  the  legs  are  as  rigid  as  sticks,  and  are  held  closely  to- 
gether by  contracture  of  the  abductors ;  the  feet  are  in  the 
varo-equinus  position.  Sometimes,  however,  contractures  in  the 
position  of  flexion  are  developed  at  a  later  period.  These  con- 
tractures are  almost  always  accompanied  by  a  considerable  aug- 
mentation of  the  tendon-reflexes.  The  already  repeatedly  de- 
scribed, clonic  twitching  of  one  or  even  of  both  legs  excited  by 
passive  dorsal  flexion  of  the  foot  (called  by  Charcot  tonic  spinal 
epilepsy),  has  been  mentioned  particularly  by  many  obseivers. 
This  clonus  can  be  excited  by  cutaneous  irritation,  as  well  as  b}' 
passive  dorsal  flexion  of  the  foot;  it  is  also  excited  occasionally 
by  voluntary  movements  and  by  the  act  of  defecation  or  of  mic- 
tui'ition. 

The  upper  extremities  are  rarely  the  seat  of  contractures. 
.Still,  exceptions  do  occur,  when  the  paralysis  has  extended  to 
the  arms  ;  the  contractures  have  then  been  observed  both  in  the 
flexed  and  the  extended  positions.  Schuele  observed  in  one  case 
a  temporary,  cataleptic  or  tetanic  rigidity  of  the  muscles  of  the 
upper  extremities. 

The  explanation  of  these  phenomena  is  probably  the  same  as 
that  of  the  analogous  symptoms  in  simple  chronic  myelitis  :  in- 
terruption of  the  tracks  for  controlling  the  reflex  actions  and 
increase  of  the  reflex  activity  on  the  one  hand,  and  direct  irrita- 
tion of  the  motor  tracks  on  the  other.  Their  anatomical  basis 
must,  in  the  present  state  of  our  knowledge,  be  assumed  to  be 
the  development  of  sclerotic  nodules  in  the  lateral  columns  and 
the  consecutive,  descending  secondary  degeneration  of  the  same 
columns. 

Among  the  cerebral  disturbances,  the  impairment  of  speech 
deserves  to  be  mentioned  flrst ;  it  is  a  frequent,  a  striking,  and, 
for  the  diagnosis,  an  important  symptom.  The  so-called  scan- 
ning speech  is  the  form  of  impairment  which  is  most  frequently 
observed.   The  speech  is  slow,  drawling,  and  hesitating;  every 
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syllable  is  pronounced  separately  and  distinctly,  the  words  being 
as  it  were  scanned.  Later  on,  particular  letters  are  pronounced 
indistinctly  and  replaced  by  others,  a  peculiarity  that  was  espe- 
cially marked  in  Radlick's  case.  Finally,  in  the  more  intense 
degrees,  the  entire  articulate  expression  becomes  indistinct,  lal- 
ling,  and  even  unintelligible.  The  impairment  consequently  is 
not  a  true  stuttering,  and  neither  is  it  the  form  of  impediment 
which  is  so  common  in  progressive  cerebral  paralysis.  In  paraly- 
sis, the  words  tumble  over  one  another,  syllables  and  words  are 
left  out  entirely  or  are  jumbled  together  in  a  confused  mass,  and 
letters  and  syllables  are  inserted  in  the  wrong  places  ;  in  multiple 
sclerosis,  on  the  other  hand,  the  words  fall  from  the  lips  in  a 
hesitating,  regular,  scanning  manner. 

The  mobility  of  the  lips  is  often  impaired,  and  they  may 
present  slight  twitching  movements  in  speaking.  In  many  cases 
the  tongue  can  only  be  put  out  in  a  slow  and  tremulous  manner. 

The  monotony  of  the  mice,  which  has  been  already  spoken  of, 
is  in  most  of  the  cases  a  striking  peculiarity.  The  voice  remains 
in  the  same  key,  is  weak  and  low,  and  often  almost  whispering  ; 
it  breaks  readily  when  forced  efforts  are  made.  Leube  examined 
one  such  case  with  the  laryngoscope,  and  found  that  the  vocal 
cords  could  be  brought  together,  but  that  their  tension  was 
soon  relaxed  and  frequently  changed.  In  one  case  observed  by 
myself,  the  monotony  alternated  with  the  exactly  opposite  con- 
dition ;  there  was  a  constant,  rhythmical,  perfectly  regular 
change  in  the  key  at  fixed  musical  intervals,  e.  g.,  a  third,  so 
that  the  key  was  altered  in  the  pronunciation  of  every  syllable, 
always  observing,  however,  the  same  interval,  just  as  if  the 
patient  were  constantly  singing  a-c,  a-c,  a-c,  etc.  The  effect  pro- 
duced was  very  peculiar. 

Leube' s  observations  show,  that  this  peculiar  disturbance  of 
the  voice  probably  depends  on  a  diminution  in  the  innervation 
and  the  capacity  of  the  vocal  cords.  Whether  the  scanning  is 
due  to  the  same  cause  is  still  questionable.  Leube  attempts  to 
explain  it  also  by  the  exhaustion  and  weakness  of  the  cords ; 
their  capacity,  according  to  liim,  is  only  equal  to  the  production 
of  isolated  syllables,  and  hence  the  syllables  are  enunciated  in  an 
isolated  manner.  Under  such  circumstances,  however,  we  should 
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rather  expect  to  find  the  articulation  confused  and  precipitate. 
Persons  who  suffer  from  weakness  of  the  vocal  cords  due  to 
other  causes  are  not  wont  to  scan.  It  seems  to  us,  consequently, 
that  in  order  to  account  for  the  scanning,  we  must  assume  the 
existence  of  disturbances  in  the  nerve-tracks  that  preside  over 
articulation. 

The  entire  disturbance  of  speech  can  in  most  cases  be  referred 
to  the  presence  of  sclerotic  nodules  in  the  medulla  oblongata  and 
the  pons.  Still  we  cannot  exclude  the  possibility,  that  nodules 
located  further  forward  in  the  nerve-tracks  for  the  organs  of 
speech  may  be  answerable  for  this  disturbance.  Jolly's  case 
certainly  presented  the  impairment  of  speech,  and  still  there 
were  absolutely  no  changes  in  the  pons,  and  only  doubtful  altera- 
tions in  the  medulla  oblongata. 

In  connection  with  the  above  we  must  consider  the  manifesta- 
tions of  'bulbar  paralysis^  which  have  been  observed  in  several 
cases  (Joffroy,  Leube,  Schuele,  Jolly,  and  others),  and  which  give 
us  a  distinct  glimpse  of  the  typical  form  of  that  affection.  Im- 
paired mobility  of  the  lips  and  tongue,  difficulty  of  swallowing, 
paralysis  of  the  velum  palati,  permanently  open  mouth,  increased 
secretion  of  saliva,  etc.,  are  the  symptoms.  In  the  majority  of 
the  cases  they  are  certainly  due  to  the  presence  of  nodules  in  the 
bulb,  but  Jolly's  case  proves  that  this  is  not  invariably  and  neces- 
sarily the  case ;  in  it  the  morbid  process  a  wide-spread  sclerosis, 
was  located  more  centrally. 

The  disturbances  of  respiration,  which  are  often  observed, 
also  belong  here  beyond  a  doubt.  Especially  characteristic  are 
the  disturbances  in  the  innervation  of  the  larynx,  which  manifest 
themselves  on  the  one  side  by  the  already  described  monotony  of 
speech,  and  on  the  other  by  the  stridulous  inspirations,  which 
are  frequently  observed  during  laughing,  weeping,  etc.  Tliey 
may  probably  be  explained  by  a  paresis  of  the  crico-arytaenoidei 
postici. 

The  nystagmus  is  usually  the  most  striking  of  all  the  eye 
symptoms.  It  consists  of  short  twitches,  which  have  a  horizontal 
direction,  and  draw  the  eyes  sometimes  in  an  outward  and  some- 
times in  an  inward  direction ;  they  are  at  times  persistent,  but 
again  may  occur  only  during  forced  accommodation,  or  when 
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movements  are  performed  with  tlie  extremities.  In  the  latter 
case  the  eyes  present  nothing  abnormal,  when  the  body  is  in  a 
state  of  general  rest.  This  symptom  is  pretty  common  ;  accord- 
ing to  Charcot  it  is  met  with  in  about  half  of  the  cases.  Whether, 
and  to  what  extent,  this  nystagmus  differs  from  the  ordinary 
nystagmus  of  eye-patients ;  whether  or  not  it  is  an  essentially 
different  disturbance,  are  questions  that  must  still  be  left  open. 
It  is  probable  that,  in  many  cases,  we  have  to  deal  with  the 
"ataxic  nystagmus"  (disturbance  of  co-ordination  of  the  mus- 
cles of  the  eye),  recently  differentiated  and  described  by  Fried- 
reich;'  in  other  cases  it  may  be  analogous  to  the  volitional 
tremor. 

Both  physiological  and  pathological  facts  (compare  the  ac- 
count given  in  the  work  of  Friedreich  just  cited)  warrant  the 
assumption,  that  the  cerebellum,  the  corpora  quadrigemina  and 
the  medulla  oblongata  possess  important  functions  relating  to 
the  co-ordination  of  the  movements  of  the  eyes.  Hence  it  is 
probable,  that  the  presence  of  sclerotic  nodules  in  these  struc- 
tures may  be  the  cause  of  the  nystagmus  in  multiple  sclerosis. 
This  still  lacks  positive  demonstration,  however. 

The  next  symptom  in  point  of  frequency  is  amblyopia,  a  pro- 
gressive weakness  of  sight,  sometimes  accompanied  by  color- 
blindness and  diminution  of  the  field  of  vision,  and,  in  rare  cases, 
increasing  to  complete  amaurosis.  Sometimes  the  development 
of  the  amblyopia  is  preceded  by  photopsia,  flashes  of  light,  etc. 
On  ophthalmoscopic  examination  the  papilla  is  sometimes  found 
perfectly  normal  or  only  partially  diseased,  while  in  other  cases 
it  is  in  a  state  of  pronounced  white  atrophy.  All  this  is  prob- 
ably produced  chiefly  by  sclerotic  nodules  in  the  tractus  and 
the  nervi  optici.  The  fact  that  these  nodules  are  essentially 
of  an  interstitial  character,  affecting  the  nerve-flbres  only  at  a 
later  stage,  and  in  a  secondary  manner,  is,  according  to  Charcot, 
the  reason  why  the  amblyopia  is  not  very  intense  and  complete  5 
the  axis-cylinders,  being  left  intact  for  a  long  time,  are  still  capa- 
ble of  performing  their  functions." 

'  Ueber  Ataxie  mifc  besonderer  Beriicksichtigung  der  hereditiireu  Formen.  Virch. 
Arcli.  Bd.  G8.  1876. 

••'  See  also  Foerster,  Beziehung  der  Krankheiten  des  Ncrveusystems  zuin  Sehorgan, 
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Finally,  diplopia  is  not  unfrequently  observed,  sometimes  as 
an  initial  and  transient  symptom,  sometimes  in  the  later  stages, 
when  it  depends  on  complete  and  permanent  paralysis  of  the 
different  muscles  of  the  eye.  There  can  be  no  doubt  that  these 
later  disturbances  are  to  be  ascribed  sometimes  to  nodules  in  the 
peripheral  nerves  of  the  ocular  muscles,  sometimes  to  nodules  in 
the  intra-cerebral  tracks  for  the  innervation  of  these  muscles. 

Impairments  of  smell,  taste,  and  hearing  occur  in  isolated 
cases,  but  they  are  rare,  and  hence  possess  no  great  importance. 

Psychical  disturbances,  on  the  other  hand,  are  common,  and 
belong  essentially  to  the  morbid  picture.  In  the  commencement 
and  in  the  milder  cases,  simple  depression  of  spirits  and  impair- 
ments of  the  memory,  the  intelligence,  and  the  intellectual  ca- 
pacity, are  observed.  With  these  are  combined  attacks  of  yawn- 
ing or  sobbing,  and  a  great  tendency  to  laugh  or  weep  without 
motive.  Later  on  the  patients  become  stupid,  the  face  acquiring 
a  correspondingly  apathetic  and  varyingly  stupid  expression. 
Sometimes,  however,  the  mental  disorder  becomes  very  pro- 
nounced ;  an  intense  melancholia,  sometimes  accompanied  by 
stupor,  rejection  of  food,  etc.,  or  mania  with  delusions  of  perse- 
cution or  of  grandeur,  conditions  of  exaltation,  etc.,  may  be 
developed.  These  disorders  can  run  their  usual  course,  termi- 
nating finally  in  complete  destruction  of  the  intellectual  life. 

It  is  clear,  that  all  these  disturbances  can  be  ascribed  only  to 
the  development  of  nodules  of  sclerosis  in  the  hemispheres  of  the 
cerebrum.  It  is  scarcely  necessary  to  add,  however,  that  we 
have  not  yet  discovered  the  exact  relations  of  the  specific  local- 
izations of  the  nodules  to  the  particular  forms  of  the  mental 
disorder. 

The  same  may  be  said  with  respect  to  an  almost  constant,  or 
at  all  events,  in  all  stages  of  the  disease,  a  frequent  symptom, 
viz.,  the  nertigo.  Tliis  often  makes  its  appearance  very  early, 
even  in  the  prodromal  stage.  According  to  Charcot,  the  dizzi- 
ness is  usually  of  the  turning  variety  ;  the  patients  feel  as  if  they 
themselves  were  turning  around,  or  it  seems  to  them  tliat  all  the 

in  the  Grafe-Samiscli  Handbuch  d.  Angeuheilk.  VII.  1.  p.  104;  and  Kiesselbach,  Znr 
Kenntuiss  der  grauen  Degener.  der  Sehuerven  bei  Erkrankungeu  des  Cerebrospiualsys- 
tems.    Diss.  Erlaugen.  1875. 


MULTIPLE  SCLEROSIS. 


501 


surrounding  objects  are  engaged  in  a  gyratory  movement.  Tliis 
vertigo  occurs  in  short,  isolated  attacks.  Its  mode  of  develop- 
ment is  entirely  unknown.  Occasionally  an  existing  diplopia 
may  give  rise  to  a  visual  vertigo  (Gesichtsscliwindel)  which  is 
easily  distinguished  from  the  other  form. 

We  have,  last  of  all,  to  mention  one  other  group  of  symptoms, 
which  also  stands  in  direct  connection  with  the  brain,  viz.,  the 
apoplectiform  attacks.  These  are  apparently  entirely  analogous 
to  the  apoplectiform  attacks  in  progressive  paralysis,  in  which 
disease  they  have  been  long  known  and  accurately  studied. 

It  has  not  yet  been  satisfactorily  demonstrated  that  the  epileptiform  attacks, 
which  are  likewise  not  infrequent  in  paralysis,  occur  In  multiijle  sclerosis  as  well. 
Cliarcot  has  not  yet  met  with  them.  On  the  other  hand,  they  were  observed  in 
Kelp's  case,  and  Leube  reports  one  case  (without  an  autopsy)  in  which  an  epilepti- 
form attack  was  observed. 

The  apoplectiform  attacks  occur  only  in  a  comparatively 
small  proportion  of  the  cases  of  multiple  sclerosis — about  one- 
hfth  of  them,  according  to  Charcot.  They  are  characterized  by 
the  abrupt  development  of  severe  cerebral  symptoms,  accompa- 
nied by  considerable  elevation  of  temperature.  After  slight  pro- 
droma,  such  as  a  feeling  of  oppression  in  the  head,  an  apathy 
and  an  obscuration  of  consciousness  appear,  which  in  the  course 
of  a  few  hours  may  increase  to  deep  coma.  The  face  is  red  and 
hot,  the  pulse  quick,  and  the  temperature  rises  to  40°  or  41°  C. 
(104°-105^°  F.).  Yery  soon  the  existence  of  hemiplegia  can  be 
demonstrated  by  the  complete  relaxation  of  the  extremities  of 
one  side.  After  a  shorter  or  longer  interval  (one  or  two  days) 
the  consciousness  reappears,  the  temperature  falls,  and  the  pa- 
tient sinks  into  a  deep  sleep,  from  which  he  awakens  relatively 
well.  The  hemiplegia,  however,  persists  for  a  few  days  longer, 
and  then  disappears  gradually.  These  attacks  are  nevertheless 
invariably  followed  by  a  general  aggravation  of  the  disease. 

Attacks  of  this  sort  may  be  repeated  several  times.  They  may 
recur  every  few  months,  or  even  at  intervals  of  a  year.  Some- 
times death  occurs  during  the  attack,  while  the  patient  is  in  a 
condition  of  deep  coma. 

The  interpretation  of  these  attacks  is  still  very  obscure.  They 
differ  from  true  apoplexy  particularly  in  the  high  temperature  ol 
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the  body,  the,  as  a  rule,  gradual  development  of  the  coma,  and 
the  rapid  disappearance  of  the  hemiplegia. 

The  autopsies  in  such  cases  reveal  no  signs  of  acute  conges- 
tion of  the  brain.  Charcot  could  never  discover  in  them  either 
oedema  or  hypersemia,  or,  in  fact,  anything  but  old  changes. 
He  draws  attention,  however,  to  the  fact,  that  these  attacks  are 
only  met  with  in  those  cases  of  the  disease,  in  which  the  pons 
and  the  medulla  oblongata  are  involved  either  primarily  or  sec- 
ondarily. We  are,  however,  still  ignorant  of  the  actual  cause  of 
these  very  transient  but  violent  attacks.  The  suggestion,  that 
they  perhaps  indicate  the  acute  development  of  new  nodules  of 
sclerosis,  has  little  to  support  it ;  they  would  in  that  case  be 
much  more  common. 
(.Ff-..  S  cV<V/!;  ST-RIDIIMC 
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The  above  embraces  all  the  chief  symptoms  of  multiple  scle- 
rosis, but  it  still  remains  for  us  to  mention  briefly  a  few  uncom- 
mon symptoms,  which  are  occasionally  met  with,  although  they 
do  not  belong  to  the  typical  morbid  picture.  The  first  of  these 
to  be  mentioned  is  the  muscular  atrophy.  This  may  attain  a 
very  high  grade,  and  may  present  itself  in  any  part  of  the  body — 
in  the  upper  or  the  lower  extremities,  in  the  neck,  the  face,  or 
even  in  the  tongue  (Ebstein).  It  is  unquestionably  to  be  ex- 
plained by  the  localization  of  sclerotic  nodules  in  the  correspond- 
ing parts  of  the  gray  substance. 

With  this  atrophy  the  condition  of  the  electric  irritability 
stands  in  the  most  intimate  connection.  The  latter  usually 
remains  intact  for  a  long  time,  or  presents  at  most  only  slight 
quantitative  changes.  In  the  later  stages,  when  there  is  increas- 
ing atrophy,  the  electric  irritability  may  diminish  very  consider- 
ably ;  at  such  times  accurate  examination  will  undoubtedly  re- 
veal also  the  reaction  of  degeneration.  Thus,  Leube  observed 
marked  impairment  of  the  electric  irritability  with  indications 
of  the  reaction  of  degeneration.  In  Engesser's  case  the  irrita- 
bility was  at  first  increased,  and  subsequently  considerably 
diminished.  The  customary  conclusions  with  respect  to  the 
nutritive  state  of  the  muscles  and  the  condition  of  the  gray  sub- 
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stance  corresponding  to  them,  are  to  be  drawn  from  these  facts. 
The  electrical  examination  has  not,  however,  up  to  the  present 
time  proved  of  any  great  practical  value. 

The  disturbances  of  the  msical function  are  also  variable  and 
inconstant.  They  are  often  wanting  for  a  long  time,  and  then 
set  in  in  various  forms  and  degrees  ;  they  are  sometimes  marked 
by  great  fluctuations  in  intensity  (Engesser's  case),  but  do  not 
present  anything  that  is  at  all  characteristic.  The  entire  history 
of  the  vesical  complications  is  essentially  the  same  as  in  chronic 
myelitis.  This  may  be  said  also  of  the  affection  of  the  sphincter 
ani. 

The  disturbances  of  the  sexual  functions  are  also  very  incon- 
stant. Sometimes  the  sexual  power  is  retained  for  a  long  time, 
and  again  it  is  lost  at  an  early  period.  In  some  cases  excessive 
onanism  gives  evidence  of  unusual  sexual  excitement. 

In  a  few  cases  the  so-called  tabic  symptoms  are  developed  in 
a  very  pronounced  manner ;  disturbances  of  the  cutaneous  sen- 
sibility, impairment  of  the  muscular  sense,  lancinating  pains, 
girdle-sensation,  distinct  ataxia,  staggering  when  the  eyes  are 
closed,  etc.,  are  observed  in  such  cases.  In  most  of  these  cases, 
this  may  be  explained  by  the  development  of  a  large  sclerotic 
nodule,  or  of  several  such  nodules,  in  the  posterior  columns.  A 
combination  of  band- shaped  sclerosis  of  the  posterior  columns 
with  insular  sclerosis  of  the  rest  of  the  nervous  system,  is  also 
possible.  Such  cases  may  interpose  grave  difficulties  in  the  way 
of  a  diagnosis.  As  a  rule,  however,  the  presence  of  other  symp- 
toms, which  belong  only  to  sclerosis,  will  clear  up  the  matter. 
At  all  events,  the  cases  of  hereditary  ataxia  described  by  Fried- 
reich (1.  c),  which,  as  far  as  their  clinical  history  is  concerned, 
occupy  a  sort  of  intermediate  position  between  ordinary  sclerosis 
of  the  posterior  columns  and  insular  sclerosis,  but  still  must 
unquestionably  be  classed  only  under  sclerosis  of  the  posterior 
columns,  warn  us  to  be  very  careful  in  making  a  diagnosis.  We 
shall  return  to  this  subject  in  another  place. 

In  a  similar  manner,  the  symptoms  of  the  so-called  lateral 
sclerosis  are  not  unfrequently  found  in  the  clinical  history; 
paresis  of  the  lower  extremities,  muscular  contractions,  increased 
tendon-reflexes  without  disturbances  of  sensibility,  etc.  These 
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symptoms  may  even  exist  alone  for  a  long  time,  and  their  true 
signiticance  may  then  only  be  cleared  up  by  the  development  of 
cerebral  symptoms  at  a  later  period.  A  primary  or  secondary 
sclerosis  of  the  lateral  columns  accounts  sufficiently  for  this  state 
of  affairs,  as  has  already  been  stated  above. 

But  little  progress  has  as  yet  been  made  in  the  differentiation 
of  different  forms  of  multiple  sclerosis.  The  French  authors 
distinguish  a  cerebrospinal,  a  purely  cerebral,  and  a  purely  spi- 
nal form.  The  correctness  of  this  division  has  not  yet,  however, 
been  demonstrated  with  satisfactory  clearness,  and  it  is  even 
positively  rejected  by  some  authorities  (Buchwald  et  al.).  A 
sharp  separation,  an  unquestionable  limitation  of  the  affection 
to  the  brain  alone  or  to  the  cord  alone,  is  in  all  probability 
very  rare.  Still,  there  undoubtedly  are  cases,  in  which  the  locali- 
zation is  so  predominantly  in  one  or  the  other  of  these  nervous 
centres,  that  we  are  justified  in  speaking  of  a  cerebral  and  a 
spinal  form  in  a  somewhat  wider  sense. 

The  cerebro-spinal  form  has  been  described  in  the  preceding 
pages.  The  cerebral  form  seems  to  be  relatively  very  rare.  The 
cases  recorded  by  Kelp  and  Jolly  should  probably  be  classed 
here.  In  this  form  only  the  cerebral  symptoms  are  present ;  the 
psychosis  usually  occupies  the  foreground  in  the  clinical  pic- 
ture. The  tremor  is  said  to  precede  the  paralytic  manifestations. 
In  other  respects  the  clinical  picture  cannot  differ  greatly  from 
that  of  the  cerebro-spinal  form  ;  it  is  difficult  to  exclude  the 
simultaneous  implication  of  the  spinal  cord. 

The  limitation  of  the  spinal  form  to  the  cord  is  usually  more 
easily  recognized.  Gfenerally,  it  is  sufficiently  characterized  by 
the  absence  of  the  cerebral  symptoms,  particularly  the  nystag- 
mus, the  volitional  tremor,  the  psychical  disorders,  the  vertigo, 
the  apoplectiform  attacks,  etc.  The  disturbances  of  speech  and 
of  co-ordination  may,  however,  be  present.  In  Ebstein's  case, 
for  instance,  there  were  no  cerebral  symptoms  and  no  tremor, 
but  there  were  disturbances  of  speech  and  of  co-ordination.  In 
Engesser's  case,  which  also  presented  an  almost  purely  spinal 
type,  and  formed  a  sort  of  transition  to  diffuse  chronic  m3'elitis, 
the  tremor,  the  disturbance  of  speech,  the  nystagmus,  the  vertigo 
and  the  apoplectiform  attacks  were  wanting.    Vulpiaii  also  de- 
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scribes  a  purely  spinal  form  witliout  tremor,  with  the  exception 
of  the  reflex  clonus  in  the  leg,  which,  of  course,  must  not  be  con- 
founded with  the  volitional  tremor.  In  cases  like  these,  the 
purely  spinal  localization  can  be  easily  recognized.  The  great 
difficulty,  however,  will  be  to  determine  the  existence  of  mul- 
tiple nodules.  Usually,  the  clinical  picture  will  present  a  hope- 
less similarity  to  that  of  simple  chronic  myelitis,  and  we  can 
only  regard  it  as  a  happy  accident,  when  the  localization  of  the 
nodules  is  such,  that  we  can  recognize  from  the  symptoms  a 
simultaneous  affection  of  several  isolated  parts  of  the  cord.  A 
close  study  of  the  symptoms  will  enable  us  to  succeed  in  this  in 
some  cases.  It  is  unnecessary  to  enter  into  further  details  on 
this  point. 

There  still  remains  a  certain  number  of  cases,  which  I  might 
term  unusual  or  anomalous,  in  which  the  autops}'"  reveals  a 
multiple  cerebro-spinal  sclerosis,  although  during  life  the  charac- 
teristic symptoms  of  the  affection  were  absent,  and  a  diagnosis 
was  consequently  impracticable.  An  example  of  this  is  furnished 
by  the  case  published  by  Westphal,  in  the  new  Charite-Annalen ; 
in  this  case  the  only  symptoms  were  paraplegia  with  contractures 
and  coincident  dementia.  A  very  similar  case  was  recently  ob- 
served in  the  hospital  at  Ley  den,  and  was  published  by  Killian 
under  the  name  of  myelitis  diffusa.  The  clinical  history  of  the 
case  is  very  unsatisfactory  (dementia,  extensive  paralysis  with 
contractures),  but  anatomically  it  was  plainly  nothing  else  than 
a  disseminated,  cerebro-spinal  sclerosis.  Several  cases  similar  to 
these  are  to  be  found  in  medical  literature.  Here,  as  well  as 
elsewhere  in  the  pathology  of  the  central  nervous  system,  we 
must  accustom  ourselves  to  the  facts,  that  processes  apparently 
similar  in  nature  and  extent  do  not  always  produce  tlie  same 
symptoms,  and  that,  as  a  natural  consequence,  we  shall  be  unable 
to  make  an  accurate  diagnosis  during  life  in  not  a  few  cases. 

* 

Course— Duration— Terminations. 

Charcot  has  very  appropriately  distinguished  three  stages, 
into  which  the  as  a  rule  exceedingly  slow  and  chronic  course  of 
the  disease  can  be  divided.    His  first  stage  embraces  the  com- 
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mencement  and  development  of  the  disease  up  to  the  appearance 
of  marked  incapacity  for  motion,  with  contractures.  This  stage 
may  last  from  two  to  six  years  or  even  longer. 

Development  generally  very  slow ;  sometimes  begins  with 
cephalic  symptoms,  headache,  vertigo,  uncertain  gait,  etc,  ;  more 
frequently,  however,  with  spinal  symptoms — paresis  of  the  lower 
extremities,  etc.  ;  in  the  latter  case  the  supervention  of  cerebral 
symptoms,  the  appearance  of  tremor,  etc.,  are  necessary  to  com- 
plete and  clear  up  the  clinical  picture.  In  rare  cases  a  more 
rapid  development  with  more  violent  manifestations  is  observed : 
occurrence  of  an  apoplectiform  attack,  gastralgic  troubles,  etc.,  to 
which  paralyses,  disturbances  of  co-ordination,  tremor,  etc.,  are 
superadded  in  rapid  succession. 

Very  slowly  and  gradually  the  above  described  syndrome  is 
fully  developed.  Considerable  ameliorations  may  occur,  and 
sometimes  a  very  striking  improvement,  which  persists  for  months 
and  years,  is  observed,  but  the  progressive  course  of  the  disease 
is  only  temporarily  checked.  Sometimes  sooner,  sometimes 
later,  the  various  characteristic  symptoms  appear,  until  finally 
the  complete  morbid  picture  is  developed.  The  patients  become 
more  and  more  helpless,  their  intellectual  powers  more  and  more 
impaired,  complete  paraplegia  confines  them  to  the  bed,  the 
tremor  deprives  them  of  the  use  of  their  hands,  and  at  last  the 
legs  become  rigid,  contractured,  and  the  seat  of  frequent  spas- 
modic clonus. 

The  second  stage,  that  of  the  completely  developed  disease, 
is  now  attained.  This  stage  too  can  last  a  number  of  years, 
from  four  to  six  or  even  more.  The  disease  remains  in  general 
at  the  same  point,  without  producing  disturbances  of  the  general 
nutrition  or  other  threatening  symptoms.  In  spite  of  their  help- 
lessness and  rigidity,  in  spite  of  the  eternal  trembling  and  the 
constant  confinement  to  bed,  the  patients  often  remain  well 
nourished,  q^nd  present  a  tolerably  fair  appearance,  the  slow  but 
unceasing  progress  of  the  affection  being  often  appreciable  only 
to  the  practised  eye  of  the  physician. 

Gradually  the  third  stage  appears  on  the  scene ;  it  is  charac- 
terized by  impairment  of  the  vegetative  functions,  with  simultane- 
ous development  of  threatening  nervous  symptoms.    Loss  of 
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appetite,  digestive  disturbances,  and  emaciation  set  in ;  the  par- 
alysis of  the  bladder  leads  to  cystitis ;  bed-sores  with  consecu- 
tive pyasmic  or  septiccemic  fever  are  developed ;  the  increasing 
bulbar  symptoms  impair  the  nutrition  still  more,  and  apoplec- 
tiform attacks  threaten  life  directly. 

Under  these  circumstances  death  is  no  longer  distant.  The 
patients  may  succumb  before  the  augmenting  difficulties  of  deg- 
lutition and  respiration,  or  in  an  apoplectiform  attack  (sometimes 
with  enormous  increase  of  temperature  during  the  agony),  or  the 
general  cachexia  may  lead  to  the  gradual  extinction  of  life.  Not 
unfrequently,  however,  death  is  brought  about  more  rapidly  by 
some  intercurrent  disease,  such  as  typhus,  pneumonia,  pleurisy, 
pulmonary  consumption,  or  the  like.  Pulmonary  affections,  in 
particular,  are  among  the  most  frequent  complications  of  the 
last  stages. 

The  diiration  of  the  disease  is  very  variable.  There  are  cases 
which  terminate  fatally  in  one  or  two  years,  but  they  are  rare. 
In  other  cases  the  disease  drags  along  for  ten,  twelve,  seventeen, 
or  twenty  years.    The  usual  duration  is  about  five  to  ten  years. 

The  termination  of  the  disease  seems  to  be  invariably  death. 
It  is  true  that  marked  fluctuations  occur  as  it  runs  its  course, 
and  ameliorations  have  been  observed  that  seemed  to  border  on 
a  cure,  but  they  were  not  permanent.  JSTo  well-authenticated 
case  of  recovery  has  been  reported  up  to  the  present  time.  Vul- 
pian  records  a  case  of  multiple  sclerosis,  that  was  influenced  in  a 
remarkably  favorable  manner  by  an  intercurrent  varioloid  ;  the 
symptoms  disappeared  entirely,  but  returned  again  after  the 
lapse  of  three  years.  While  speaking-of  chronic  myelitis  (see  p. 
449)  we  mentioned  the  existence  of  similar  experiences. 

LEEDS  &c^H\ii^UVV^'■^^ 

Diagnosis.  "^HlHURCICAl 

The  recognition  of  multiple  sclerosis  may,  under  some  circum- 
stances, be  a  very  easy  matter,  and  under  other  circumstances  be 
very  difficult,  or  even  actually  impossible.  The  purely  cerebral 
form  does  not  properly  come  into  question  here  ;  it  cannot,  more- 
over, be  easily  confounded  with  diseases  of  the  cord.  The  purely 
spinal  form,  as  has  already  been  stated,  is  frequently  undistin- 
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guishable  from  simple  chronic  myelitis  ;  when  reduced  to  its 
elements,  moreover,  it  is  really  nothing  more  than  this. 

It  only  remains  for  us,  consequently,  to  consider  the  cerebro- 
spinal form,  Avliich  is,  however,  by  far  the  most  frequent.  In 
pronounced  cases  it  can  be  recognized  with  the  greatest  facility  ; 
in  the  rare,  anomalous  cases,  on  the  other  hand,  the  recognition 
is  very  difficult,  or  even  impossible.  The  symptoms  may  be  so 
trifling,  so  vague  and  undecided,  and  so  ambiguous,  that  a  diag- 
nosis is  either  impossible,  or  can  only  be  made  with  a  certain 
degree  of  probability. 

When,  however,  all  or  the  greater  part  of  the  following  symp- 
toms are  present,  the  disease  can  be  diagnosticated  without  diffi- 
culty :  commencement  with  vertigo  and  uncertainty  of  gait ;  more 
or  less  marked  paresis  and  paralysis  of  the  extremities,  combined 
with  the  characteristic  tremor  and  sometimes  also  with  ataxia, 
and  later  on  with  muscular  contractions  and  contractures ;  im- 
pairment of  sight,  nystagmus,  and  the  characteristic  disturbance 
of  speech  ;  disproportion  between  the  intense  disturbance  of  mo- 
tility and  the  relatively  slight  disturbance  of  sensibility ;  head- 
ache, attacks  of  dizziness,  psychical  disorders ;  finally,  bulbar 
symptoms,  disturbances  of  respiration,  apoplectiform  attacks. 

There  are  only  two  affections  with  which  the  disease  can  really 
be  confounded,  when  it  is  at  all  pronounced.  One  of  them  is 
paralysis  agitans^  with  which  it  was  formerly  almost  univer- 
sally confounded,  and  for  which  it  is  even  yet  occasionally  mis- 
taken. Since  the  publication  of  Charcot's  excellent  descriptions, 
there  is  no  longer  any  excuse  for  this  mistake.  No  one  who 
has  ever  observed  closely  the  two  forms  of  disease  will  be  liable 
to  confound  them  with  one  another ;  the  differences  are  too  strik- 
ing and  characteristic.  In  individual  cases,  the  significance  of 
particular  symptoms  {e.  g.,  the  tremor)  may,  it  is  true,  be  some- 
what obscure,  but  the  combined  clinical  picture  is,  as  a  rule,  so 
distinctive  that  the  diagnosis  is  easy. 

The  following  are  the  most  important  points  for  the  differen- 
tial diagnosis.  The  most  essential  is  the  variety  of  the  tremor. 
In  paralysis  agitans  it  has  the  cha,racter  of  short,  definite,  com- 
plicated movements,  resembling  oscillations  ;  it  appears  during 
perfect  rest,  and  may  also  persist  during  voluntary  movement, 
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but  is,  as  a  rule,  temporarily  controlled  hy  volition;  it  rarely 
or  never  extends  to  the  liead.  In  multiple  sclerosis  the  tremor 
ceases  entirely  during  rest ;  it  is  excited  or  aggravated  hy  vol- 
untary movements ;  the  head  is  invariably  involved;  its  form  is 
that  of  longer  and  more  extensive  oscillations,  or  regular  to  and 
fro  movements,  which  extend  to  the  entire  body  when  any  volun- 
tary exertion  is  made.  Paralysis  agitaiis  is  a  disease  of  advanced 
age  ;  it  may  be  said  to  never  occur  in  persons  under  forty  years 
of  age.  Multiple  sclerosis  is  a  disease  of  youth  and  middle  age, 
and  is  seldom  or  never  developed  after  the  fortieth  year.  In 
paralysis  agitans  the  paresis  is  not  developed  until  long  after  the 
tremor,  perhaps  not  for  a  year  or  more  ;  in  multiple  sclerosis  the 
paresis  or  paralysis,  as  a  rule,  precedes  the  tremor,  or,  at  all 
events,  follows  it  in  a  relatively  short  time.  In  paralysis  agitans 
the  cerebral  and  bulbar  symptoms,  the  scanning  speech,  the  im- 
pairment of  sight,  the  nystagmus,  the  vertigo,  the  ataxia,  the  dis- 
turbances of  sensibility  and  the  paralysis  of  the  sphincters,  are 
wanting,  while  all  of  these  symptoms  belong  to  the  regular  and 
almost  invariable  phenomena  of  multiple  sclerosis.  In  addition 
to  these  symptoms— which  are  all-sufficient  for  most  cases — we 
can  also  deduce  points  for  the  differential  diagnosis  from  other 
phenomena,  which  cannot  be  enumerated  in  detail  here.  Above 
all  things,  we  must  bear  in  mind,  that  paralysis  agitans  is  a  dis- 
ease which  positively  is  not  based  on  gross  anatomical  changes  in 
the  central  organ,  while  in  multiple  sclerosis,  on  the  other  hand, 
we  have  to  deal  with  severe  anatomical  lesions. 

F.  Schultze  has  quite  recently  reported  a  case  of  paralysis  agitans,  in  which 
amall  sclerotic  nodules  were  found  in  the  posterior  columns  and  tlie  left  lateral 
column  of  the  cervical  enlargement,  together  with  much  more  extensive  sclerotic 
changes  in  the  lumbar  enlargement.  One  might  be  tempted  to  conclude  from  this 
case,  that  multiple  sclerosis  may  also  be  the  anatomical  basis  of  the  syndrome  of 
paralysis  agitans;  in  my  opinion,  however,  this  conclusion  would  be  decidedly  too 
far-fetched.  The  concurrence  in  this  case  was  in  all  probability  purely  accidental. 
We  can  hardly  assume  the  small  nodules  in  the  cervical  medulla  to  be  the  cause  of 
the  paralysis  agitans,  in  the  face  of  the  numerous  and  well-authenticated  antagonis- 
tic facts.  Moreover,  the  much  larger  nodules  in  the  lumbar  enlargement  produced 
no  symptoms  at  all.  The  only  certain  conclusion  that  can  be  drawn  from  this  case, 
is  that  the  existence  of  paralysis  agitans  docs  not  exclude  the  possibility  of  the  ex- 
istence of  sclerotic  nodules  in  the  brain  and  the  cord.    At  all  events,  it  is  evident 
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from  numerous  facts  that  the  anatomical  basis  of  paralysis  agitans  is  still  entirely 
unknown,  and  that  in  all  probability  it  is  not  to  be  found  in  sclerotic  nodules  in 
the  cord. 

The  other  affection,  with  which  the  disease  under  considera- 
tion may  possibly  be  confounded,  is  sclerosis  of  the  posterior 
columns,  tabes  dorsalis  (ataxie  locomotrice).  Here,  too,  the  diffe- 
rentiation in  pronounced  cases  is  usually  very  easy,  even  though 
ataxia  is  not  at  all  rare  as  a  symptom  of  multiple  sclerosis. 

The  points  which  indicate  tabes  are  the  lancinating  pains, 
the  girdle-sensation,  the  disorders  of  sensation  and  of  the  blad- 
der, the  reeling  when  the  eyes  are  closed,  the  ataxia  without 
marked  impairment  of  the  gross  strength,  the  absence  of  the  ten- 
don-reflexes, of  the  nystagmus,  of  the  impairment  of  speech,  and 
of  the  psychical  disorders,  the  very  tardy  development  of  pare- 
ses,  etc.  For  multiple  sclerosis  speak :  the  attacks  of  dizziness, 
the  cerebral  symptoms,  the  early  appearance  of  pareses  and 
paralyses,  the  development  of  contractures,  the  augmentation 
of  the  tendon-reflexes,  the  tremor  (which  can  easily  be  distin- 
guished from  the  ataxia),  the  nj^stagmus,  the  disturbance  of 
speech,  the  psychical  disorders,  the  apoplectiform  attacks,  etc. 
Even  in  those  cases,  in  which  symptoms  of  tabes  accompany  the 
multiple  sclerosis,  we  can,  as  a  rule,  recognize  the  presence  of 
multiple  nodules  from  the  paralyseSj  the  contractures,  the  tre- 
mor, the  cerebral  symptoms,  the  vertigo,  etc. 

In  consequence  of  the  presence  of  impairment  of  speech  and 
nystagmus,  Friedreich's  cases  of  hereditary  ataxia  are,  however, 
more  liable  to  be  mistaken  for  multiple  sclerosis,  and,  in  fact, 
French  authors  have  confounded  the  two  affections  together. 
In  this  they  are  unquestionably  wrong  ;  in  hereditary  ataxia  we 
have  undoubtedl}^  to  deal  with  a  sclerosis  of  the  posterior  col- 
umns, though,  it  is  true,  of  a  special  and  not  uncomplicated  form. 
It  can  be  distinguished  from  multiple  sclerosis  by  the  fact  that 
the  pareses  and  paralyses,  the  contractures  and  the  tendon-re- 
flexes, the  disturbances  of  sensibility,  the  psychical  and  bulbar 
symptoms,  the  vertiginous  and  apoplectiform  attacks,  etc.,  are 
all  wanting. 

In  the  diagnosis  of  the  case  reported  by  Leube  (Jenaer  Krankenhausbericht) 
great  caution  is  necessary.    The  clinical  symptoms  were  those  of  multiple  sclerosis, 
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but  at  the  autopsy  gray  degeneration  of  the  posterior  and  lateral  columns  of  the 
cord  was  found,  together  with  diffuse  sclerosis  and  considerable  meningeal  changes 
in  the  brain.  It  does  not  seem  to  me  altogether  certain,  that  the  lesion  in  this  case 
consisted  of  "  the  usual  changes  of  a  gray  degeneration  of  the  posterior  columns," 
but  it  evidently  follows  from  it  that  the  more  or  less  diffuse  affection  of  the  brain 
must  ultimately  give  rise  to  the  same  symptoms  as  the  multiple,  insular  affection. 
Tlie  same  centres  are  involved  in  both  forms  of  the  disease,  and  there  can  be  no 
doubt,  that  the  most  essential  symptoms  of  multiple  sclerosis  are  produced  by  those 
nodules  that  are  located  in  the  brain. 

Some  other  affections  that  are  also  accompanied  by  active 
trembling  (tremor  senilis,  mercurialis,  saturninus,  etc.)  may  pre- 
sent certain  points  of  resemblance  to  multiple  sclerosis,  but  the 
differential  diagnosis  can  always  be  easily  made  from  the  anam- 
nesis alone. 

The  differentiation  from  cliorea  minor  is  also,  as  a  rule,  easy, 
since  the  volitional  tremor  differs  very  essentially  from  the  cho- 
reic movements.  One  case  that  came  under  my  own  observa- 
tion, has,  however,  convinced  me,  that  the  choreic  motor-disturb- 
ance can,  like  ataxia,  occasionally  occur  as  a  concomitant  symp- 
tom in  multiple  sclerosis.  In  such  obscure  cases,  the  true  state 
of  affairs  will  only  be  recognized,  when  the  existence  of  multiple 
sclerosis  is  demonstrated  by  other  and  unequivocal  symptoms. 

In  this  connection,  too,  we  must  always  bear  in  mind  the  facts, 
that  anomalous  and  obscure  cases  occur,  and  that,  in  conse- 
quence of  the  entirely  accidental  and  irregular  localization  of 
the  nodules  in  the  nervous  system,  the  most  peculiar  clinical 
pictures  are  developed,  which  may  give  rise  to  all  sorts  of  errors 
in  diagnosis. 

It  has  already  been  stated  that  the  prognosis  of  multiple  scle- 
rosis is,  under  all  circumstances,  an  unfavorable  one.  Up  to  the 
present  time  no  well-authenticated  case  of  recovery  has  been 
recorded.  The  ultimate  termination  of  the  affection  is  conse- 
quently a  question  about  which  there  can  be  no  doubt,  although 
it  may  not  be  deemed  advisable  to  inform  the  patients  of  the 
fact.  To  encourage  them  stress  may  be  laid  on  the  fact,  that 
marked  remissions  and  ameliorations  which  persist  for  a  long 
time,  are  often  observed  in  the  course  of  the  disease.  To  most  of 
the  patients  the  almost  certain  prospect  of  a  long  duration  of  the 
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disease,  and  of  the  consequent  jDrolongation  of  life  for  years,  will 
j)rove  a  source  of  tolerable  comfort. 

The  special  prognosis  depends  of  course  upon  the  conditions 
of  each  particular  case.  It  is  unnecessary  to  enter  into  details 
concerning  the  manner  in  which  the  more  or  less  rapid  course 
of  the  disease,  and  the  development  of  particular  threatening 
symptoms,  such  as  cj'^stitis,  bed-sores,  bulbar  symptoms,  apo- 
plectiform attacks,  etc.,  can  influence  the  prognosis.  This  is 
sufficiently  evident  from  the  general  principles  on  which  the 
prognosis  of  any  affection  must  be  based,  as  well  as  from  the 
description  of  the  disease  given  in  the  preceding  pages. 

Treatment. 

In  all  essential  points,  the  treatment  is  the  same  as  that  laid 
down  for  chronic  myelitis.  The  indications  and  principles  of 
treatment  are  the  same  in  both  affections,  but  in  multiple  scle- 
rosis we  must  expect  the  therapeutic  effect  to  be  still  more  lim- 
ited. In  fact,  all  authors  who  have  written  about  the  treatment  of 
multiple  sclerosis  agree  in  the  statement,  that  its  results  are  deci- 
dedly discouraging.  Charcot,  whose  experience  with  this  disease 
has  perhaps  been  more  extensive  than  that  of  any  other  man, 
although  his  cases,  it  is  true,  were  mostly  advanced  and  hope- 
less, has  almost  nothing  but  failures  to  report.  Arsenic,  bella- 
donna, bromide  of  potassium,  ergot,  and  strychnine,  proved  en- 
tirely useless  in  his  hands  ;  chloride  of  gold  and  phosphate  of 
zinc  aggravated  rather  than  relieved  ;  nitrate  of  silver,  on  the 
contrary,  had  a  distinctly  favorable  effect,  which,  however,  was 
only  transitory ;  hydropathy  proved  decidedly  useful  in  one 
case.  He  recommends  that  further  investigations  be  made  with 
electricity.  Hammond  advises  chloride  of  barium  in  doses  of 
0.05  grm.  (three  quarters  of  a  grain)  three  times  a  day.  Schuele 
saw  a  transitory  improvement  after  the  cold-water  treatment,  and 
I  have  myself  had  a  similar  experience.  On  the  other  hand,  sev- 
eral cases  have  been  recorded  (Otto,  Baerwinkel,  Berlin),  which 
were  aggravated  by  the  use  of  the  thermae.  In  one  case  that  was 
treated  in  the  hospital  in  this  city,  marked  improvement  set  in 
under  the  use  of  subcutaneous  injections  of  arsenic ;  at  a  later 
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period  this  case  was  distinctly  benefited  by  the  galvanic  current. 
As  has  already  been  stated,  no  authenticated  case  of  recovery  is 
known. 

These  unsatisfactory  results,  however,  must  not  lead  us  to 
abandon  all  therapeutic  efforts,  especially  in  more  recent  cases ; 
in  these  a  favorable  result  may  occasionally  be  obtained,  just  as 
in  simple  chronic  myelitis.  In  the  first  place,  the  treatment  rec- 
ommended for  chronic  myelitis  must  be  steadily  and  patiently 
followed  out ;  the  persistent  employment  of  the  galvanic  cur- 
rent, of  hydropathy,  and  of  nitrate  of  silver,  is  especially  to  be 
commended.  If  these  remedies  prove  useless,  there  will  always 
be  time  and  opportunity  for  extended  therapeutic  trials  of  all 
possible  measures,  and  perhaps  accident  will  lead  to  the  discov- 
ery of  an  efficient  remedy  for  this,  at  present  hopeless,  disease. 

12.  Oray  Degeneration  of  tTie  Poster  ior  Columns — Sclerosis  of  the 
Posterior  Columns — Tabes  Dorsalis  —  Ataxie  Locomotrice 
Progressive  (Duchenne) — Leukomyelitis  Posterior  Chronica. 

Ollivier,  1.  c.  3.  6(3.  Tom.  II.  p.  454.  Obs.  133  and  -iZ^.—Crwoeilhier,  Anat.  patho- 
log.  Tom.  Romberg,  Lehrbuch  der  Nervenkrankheiten.  I.  3.  Abth.  S.  184. 
2.  Anil.  1851.—  Wunderlich,  Handbuch  d.  Pathol,  u.  Therapie.  2.  Aufl.  1854. 
Axenfeld,  In  the  Diet,  encyelop.  des  Seiences  m6dic.  T.  VII.  p.  56.  1867. — 
Trousseau,  Medic.  Klin,  des  Hotel-Dieu,  Deutsch  von  Culmann.  II.  p.  544, 
18(58— Benedikt,  Elektrotherapie.  S.  331.  1868. — Hasse,  1.  c.  2.  Aufl.  S.  713. 
—JIammond,  1.  c.  3d  edit.  p.  3G0.—Leyden,  Klinik  d.  Ruckenmarkskrankhei- 
ten.  II.  2.  Abth.  S.  324.  1876. 

W.  Horn,  De  tabe  dorsuali  proelusio.  Berol.  1827.— DecJcer,  De  tabe  dorsuali.  Diss. 
Berolin,  1838.— iJmcA,  Med.  Zeitung  des  Vereins  f.  Heilk.  in  Preussen.  1840. 
Nr.  45,  und  1842.  Nr.  3,  i.—Jacohy,  Exempl.  tabis  dorsual.  epicrisi  oruatum. 
Berolin,  184:2.~J{:usc?iel,  De  tab.  dors.  Berol.  18U.—Stei7it7ial,  Beitr.  z.  Ge- 
schichte  u.  Pathol,  d.  Tab.  dors.  Hufeland's  Jouru.  Band  98.  18U.— Todd, 
Cyclop,  of  Anat.  and  Physiol.  III.  mi.—Tuerck,  Ueber  primiire  Degeneration 
einzelncr  Riickenmarksstninge.  Sitzungsber.  d.  k.  Akademie  zu  Wien.  Mathem, 
naturw.  Classe.  XXI.  Jahrg.  1856.  Heft  I.  u.  II.  S.  112.— Duche?mc  (dc  Jiou- 
lorjne),  De  I'ataxie  locomotr.  progressive.  Arch.  gGndr.  dc  MCd.  1858.  Dgc, 
1859,  Janv.,  Avril.- Electrisat.  localis6e.  2.  Gd.  1861.  3.  Cd.  1812.—IIarless, 
Physiol.  Vermittlungswego  paralytischerund  paret.  Erschcinungen.  Bayr.  arztl! 
Intelligcnzbl.  1858.  Nr.  lZ.—  Oj>poher,  Krankli.  des  R.-M.  Spitalszeit.  1859. 
Nr.  21.— r/wMscaw,  Dc  I'atax.  locomotr.  progress.  Union  mCd.  1861.  Nr.  12, 
14,  20.— Bourdon,  Gas  d'atax.  loo.  Gaz.  hebdom.  1861.  Nr.  4.1.-nourdon  et 
VOL.  XIII.— 33 
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Luys,  Etudes  clin.  et  liistol.  etc.  Arch.  g6ii(Sr.  Nov.  1801.  Avril,  1863. — Teis- 
sier, De  I'ataxie  musculaire.  Gaz.  m6d.  de  Lyon.  18G1,  Dec.  1862,  Janv. — 
Dume/iil,  Union  mfcd.  1862.  Nr.  17. —  Oulmoiitet  Lwjs,  Union  raed.  1862.  Nr.  41, 
— C/tajwi  et  FwZ^jjara,  Atrophic  des  cordons  i)ost6r.  etc.  Gaz.  hebdoni.  1862.  Nr. 
16,  18. — Marotte  et  Luys,  Union  med.  1802.  Nr.  67. — Trousseau  et  Sapey,  ibid. 
Nr.  88,  89. — Duguet,  Atax.  locom.  de  forme  hemi'plGg.  Ibid.  Nr.  122. — Marius 
Carre,  De  I'atax.  locom.  Thfese.  Paris,  1862. — M.  Carre,  Gaz.  med.  de  Lyon. 
1864.  Nr.  15,  20;  Nouv.  recherchea  sur  I'atax.  loc.  progr.  Paris,  1865. 
— Dujardin-Beaumetz,  De  I'atax.  loc.  Paris,  1862. — Eisenmaiin,  Die  Be- 
wegungsataxie.  Wien,  1863. — Friedreich,  Ueber  degenerative  Atrophic  der 
spinalen  Hinterstrtinge.  Virch.  Arch.  Bd.  26  u.  27.  1863. — Leyden,  Die  graue 
Degeneration  der  Hinterstr.  de  R. -M.  Berlin,  1863.  Deutsche  Klinik.  1863.  Nr. 
13.  Virch.  Arch.  Bd.  40.  1867.— Ueber  Muskelsinn  und  Ataxia.  Ibid.  Bd.  47. 
1809. —  Westplial,  Tabes  dorsual.  u.  Paralysis  universal,  progress.  Zeitschr.  f. 
Psych.  XX.  1863.  u.  XXL  S.  861.  1864.— TFesiyiaZ,  Ueber  Erkrankung  des 
R.-M.  bei  der  allg.  progress.  Paralyse  der  Irren.  Virch.  Arch.  Bd.  39  u.  40. 
1867. — Charcot  et  Vulinan,  Deux  cas  de  Sclerose  des  cord,  poster,  etc.  Gaz. 
m6d.  1863.  Nr.  14. — ^a;ert/eZ(Z,  Des  16sions  atroph.  de  la  moelle  6pin.  Arch. 
gSner.  1863,  Aug.  Oct. — R.  Remah,  Ueb.  Tabes  dorsalis.  Deutsche  Klin.  1802, 
Nr.  49.  Berl.  klin.  Wochcnschr.  1864.  Nr.  30,  41.—BenediU,  Wien.  med. 
Wochenschr.  1802.  No.  44-48.  1864.  Nr.  23,  30,  87.— Teissier,  De  I'at.  loc. 
Gaz.  med.  de  Lyon.  1804.  Nr.  19.— Co?vii^,  Gaz.  mgd.  de  Par.  1804.  Nr.  19.— 
Duehenne,  Rech.  clin.  sur  I'etat  pathol.  d.  grand  Sympath.  etc,  Gaz.  hebd, 
1804.  Nr.  8,  10. — Diagnost.  differ,  des  affect.  cCr6bell.  et  de  I'atax.  loc.  Gaz. 
hebd.  1804.  Nr.  29,  8\.—Cel.  Bernard,  De  I'at.  loc.  Thfese.  Strasbourg,  1804. 
— FinTcehiburg,  Beobb.  lib.  d.  paralyt.  Bewegungsataxie.  Berl.  klin.  Wochen- 
schr. 1804.  Nr.  53. — fo^^mariZ,  De  I'at.  locom.  Paris,  1804. — e/accowtZ,  Les  para- 
plfigies  et  I'atax.  du  mouvement.  Paris,  1804. — Fr.  Vaneschi,  De  tabe  dors. 
Diss.  Berol.  IBQL— Remah,  Allgem.  med.  Centralz.  1862,  Dec.  1803,  Dec. 
1864.  Nr.  BZ.—SiMeth,  Zur  Lehre  von  d.  Tab.  dors.  Dis.  Tiibiugen,  1804.— 
Nachtweyh,  Kauert,  Mette,  De  tabe  dors.  Diss.  Berol.  1804. — Fr.  Boening,  Be- 
obb. iiber  pi'ogress.  Bewegungbataxie.  Deutsche  Klinik.  1865.  Nr.  1,  5,  8. — 
Bouchard,  Des  16sions  anatom.  de  I'at.  loc.  progr.  Lyon,  1865. — Nothnagel, 
Berl.  klin.  Wochenschr.  1805.  Nr.  17.— 0.  Frohwcin,  Diss.  Erlangen,  1805.— 
Oppioher,  Wien.  med.  Wochcnschr.  1800.  Nr.  20-28.  —  Charcot  et  Bouchard, 
Douleurs  fulgur.  de  I'ataxie  sans  incoordin.  des  mouv.,  Sclerose  commengante 
des  cord.  post.  Gaz.  m^d.  1800.  Nr.  7.  Compt.  rend,  de  la  Soci6t.  de  Biolog. 
1800.— Physiol,  pathol.  et  diagn.  de  I'atax.  etc.  Gaz.  des  hop.  1800.  Nr. 
107,  108. — Alihaus,  On  Epilepsy,  Hysteria,  and  Ataxy.  London,  1806.— Zocl-- 
hart  Clarice,  On  Locom.  Ataxy.  St.  George's  Hosp.  Rep.  L  1866.  Brit.  Med. 
Journ.  1869.  July  3,  31;  Sept.  25;  Dec.  11.— i7.  Fahricius,  Diss.  Beriin,  1867. 
F.  Cyon,  Zur  Lehre  von  der  Tabes  dors.  Berlin,  1867.  Virch.  Arch.  Bd.  41. 
1867. — Frommann,  Unters.  ill),  d.  normale  u.  pathol.  Anat.  des  R.-M.  II.  Jena, 
IQQl .—RoUtzsch,  Zwei  ungewohul.  FiiUe  von  Tab.  d.  Diss.  Berlin,  1807.— .E. 
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Sckulse,  Ueb.  d.  Aetiologie  der  Tab.  dors.  Diss.  Berlin,  1867. —  Vulpian,  Etat 
des  nerfs  sensit.,  des  gangl.  spinaux,  etc.  Arch.  d.  Plij'siol.  norm,  et  patliol. 
I.  p.  128.  1868. —  Vulpian,  Retard  des  scnsat.  dans  les  cas  de  sclerose,  etc. 
Ibid.  I.  p.  463.  ISQS.—Larroche,  Thiise.  Montpellier,  1868  — JDuiois,  fitude 
6ur  quelques  points  de  Tat.  loc.  Thiise.  Paris,  1868. — Axel  Jaederliolm,  Studien 
lib.  d.  graue  Degener.  des  R.-M.  Nord.  medic.  Arkiy.  I.  Nr.  2.  1869. — Th. 
LaycocTc,  Influence  of  Libid.  Excess  on  the  Causat.  of  Locom.  Ataxy.  Dubl. 
Quart.  Journ.  May,  1869. — Bracht,  Zur  Symptomatol.  d.  Tab.  d.  Diss.  Berlin, 
1869.— TFi/jsor,  Case  of  Loc.  At.  Bost.  Med.  and  Surg.  Journ.  1870,  Oct.  6.— 
Meredith  Olymer,  Some  Points  in  the  Clinical  History,  etc.  New  York  Med. 
Record.  1870,  Febr.  1. — Arndt,  Mittlieil.  iib.  die  Histol.  dcr  grauen  Degen.  ii. 
s.  w.  Berl.  klin.  Woch.  1870.  Nr.  11. — Pierret,  AXt&r at.  de  la  subst.  grise  dans 
I'at.  locom.  progr.  Arch,  de  Physiol.  III.  p.  599.  1870. — Pierret,  Sclerose  des 
cord,  poster,  dans  I'ataxie.  Ibid.  IV.  p.  364.  1871,  1872.— Cas  de  Scl6r.  pri- 
mit.  du  faisccau  median  des  cord,  poster.  Ibid.  V.  p.  74.  1873. — Sam.Willcs, 
Ataxia.  Guy's  Hosp.  Rep.  III.  Ser.  Vol.  XVII.  p.  198.  1812.— Tigges,  Ueb. 
mit  Tab.  dors,  complic.  Psychose.  AUg.  Zeitschr.  f.  Psych.  Bd.  28.  S.  245. 
1872. — V.  Krafft-Ebing,  Ueb.  Tab.  dors,  mit  finaler  Geistesstorung.  Ibid.  S. 
578. — n.  Leonhardt,  Ueb.  Tab.  dors.  Diss.  Berlin,  1872. —  Vossius,  Beitr.  z. 
Symptomat.  d.  Tabes.  Diss.  Berlin,  1873. — Charcot,  Lemons  sur  les  nialad.  du 
syst.  nerveux.  II.  S6r.  1.  fasc.  1873.— (7.  Lange,  Nord.  medic.  Ark.  IV.  1872. 
S.  Virchow-Hirsch,  Jahresber.  pro  1872.  II.  S.  79. — Martin,  De  I'atax,  loc.  pr. 
Thiise.  Paris,  1874. —  Voisin,  ProgrSs  med.  1875.  Nr.  10. — Hayem,  Atax.  loc. 
progr.  NCcropsie.  Gaz.  m6d.  1876.  Nr.  19. — Erdmann,  Z.  Beurtheilung  des 
Verlaufs  tabet.  Lahmungen.  Jahresber.  d.  Gesellsch.  f.  Natur-  u.  Heilk.  in 
Dresden.  Oct.  75.  Juni,  76.  S.  56.  1 876. —J'ne^ZmcZi,  Ueb.  Ataxic  mit  beson- 
derer  Berucksichtigung  der  hereditaren  Formen.  Virch.  Arch.  Bd.  68.  1876. 
Bd.  70.  1811.— Kellogg,  Two  Cases  of  Loc.  At.  in  Children.  Arch,  of  Electrol. 
and  Neurolog.  Vol.  IL  p.  182.  1875.— Dm  Castel,  Sclerose  primit.  des  cordons 
de  Goll.  Gaz.  m6d.  1874.  Nr.  Z.—Fournier,  L'ataxie  locomotrice  d'origine 
syphilitiqiie.  Gaz.  mCd.  1876.  Nr.  53. 

Landois  u.  Mosler,  Neuropathol.  Studien.  Berl.  klin.  "Wochenschr.  1868.  Nr.  41. 
— E.  Remal;  jun.,  Ueb.  zeitliche  Incongruenz  der  Beriihrungs-und  Schmerzemp- 
findung  bei  Tab.  dors.  Arch.  f.  Psych,  u.  Nervcnkrankh.  IV.  S.  763.  1874. 
—Naunyn,  Ueb.  cine  eigenthiiml.  Anomal.  d.  Schmerzempfindung.  Ibid.  S. 
im.—OHthoff,  Verlangsamung  d.  Schmerzempfind.  bei  Tabes.  Diss.  Erlangeu, 
\81i.—JL:rlzherg,  Sensibilitiitsstfirung  bei  Tabes  dors.  Diss.  Jena,  1875. 

Oalezoicshy,  Des  troubles  oculaires  dans  I'atax.  loc.  progr.  Gaz.  des  hop.  1874.  Nr. 
85.— £«&cr,  Uober  graue  Degener.  d.  Sehnerven.  Arch.  f.  Ophtlialm.  XIV.  2.  S. 
177.  IQGS.—Kiesselhach,  Zur  grauen  Degen.  der  Sehnerven  bei  Erkrank.  des 
Ccrcl^rospinalsyst.  Diss.  Erlangcn,  1875.— TZew^jci!,  Ueb.  Spinalmyosis  Arch.  f. 
Ophthalm.  XXIL  1.  1876.— Foerster,  Im  Handb.  d.  gesammt.  Augenheilk. 
vonvl.  Oratfe  n.  Snemisch.  VIL  1.  S.  131.  1876.— yl.  Pierret,  Essai  sur  les 
symptomes  cgphaliques  du  Tabes  dorsalis.  Paris,  1870. 
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Delamarre,  Troubles  gastriques  dans  I'at.  I.  pr.  ThGsc.  Paris,  18GG. — Petifjcan, 
Crises  gastriques  dans  I'ataxie.  Th&se,  1874. — Grainger  Stewart,  Peculiar  Form 
of  Gastric  Crisis  in  Loc.  Ataxy.  Medic.  Tim.  1876.  Oct.  7. — M.  Rayiiaud,  Crises 
n6plir6tiques  dans  I'at.  loc.  Arch.  gSn€r.  Oct.  1876. — Fereol,  Sur  quelques 
sympt.  visceraux-laryngo-bronchiques  de  I'atax.  Gaz.  hebdom.  1869.  Nr.  7. — 
Jean,  Troubles  atax.  du  cot^  du  larynx  et  du  phar.  Gaz.  hebdom.  1876.  Nr. 
27. — ChvosteTc,  Tabes  compile,  mit  Atrophic  des  linken  Halssympath.  u.  s.  w. 
AJlgem.  Wien.  nied  Zeit.  1874. — M.  Cuffer,  H6miatrophie  d.  1.  langue  surven. 
d.  1.  cours  d'une  ataxic.  Union  med.  1875.  Nr.  72. 

Charcot,  Sur  quelques  arthropathies,  qui  paraissent  dfipendre,  etc.  Arch.  d.  Physiol. 
L  p.  161.  1868;  u.  II.  p.  121.  IQQ^.—Gharcot  et  Joffroxj,  L6sion  de  1.  subst. 
grise  dans  un  cas  d'arthropath.  ataxique.  Ibid.  III.  p.  306.  1870. — Ball,  Ar- 
thropathies, etc.  Gaz.  des.  h6p.  1868.  Nr.  128  u.  1869.  Nr.  58-62.— ^ercey, 
Arthrop.  liGe  S  I'at.  Ibid.  1868.  Nr.  33. — Blum,  Des  arthropathies  d'origine 
nerveuse.  Th&se.  Paris,  1875.  pp.  19-50.  —  Buzzard,  Locomot.  ataxy  with 
anomalous  joint  affections.  Lancet,  1874.  Aug.  22. — Charcot,  Luxat.  pathol.  et 
fractures  spontanCes  multiples  dans  I'atax.  Arch.  d.  Physiol.  VI.  p.  166.  1874. 
— Forestier,  Arthropathies,  fractures  et  luxat.  consecut.  Paris,  1874. — Brochin, 
Des  lesions  osseuses  chez  les  atax.  Gaz.  des  hop.  1875.  Nr.  12. — Raymond, 
Note  sur  les  arthrop.  de  I'at.   Gaz.  med.  1876.  Nr.  8. 

B,  Reniah,  Ueb.  d.  Behandlung  der  Tab.  d.  mit  d.  const,  galv.  Strom  Med.  Cen- 
tralz.  1858.  Nr.  29.  1862.  Dec.  3. —  Wunclerlich,  Behandlung  der  Spinalparaly- 
sen  mit  Silbersalpeter.  Arch.  d.  Heilk.  1861  u.  1863. — Charcot  et  Vv^naii, 
Emploi  du  nitrat  d'arg.  etc.  Bullet,  d.  Therap.  Juin,  1862. — Eulenhurg,  Erfolg 
V.  Avg.  nitr.  Verh.  d.  Berl.  med.  Ges.  1866.  Heft.  2.  S.  U2.—Hitzig,  Schiid- 
liche  Wirkung  des  Arg.  nitr.  bei  Tabes  dors.  Berl.  klin.  Woch.  1867.  Nr.  31. 
Dujardin-Beaumetz,  Emploi  du  phosphore,  etc.  Bull.  g6n6r.  ThSrap.  1868. — 
Siredey,  Action  du  bromure  de  potass,  dans  I'atax.  1.  pr.  Ibid.  1872.  Aoflt  30. 
— Delmus,  Six  observat.  d'atax.  loc.  Journ.  de  Med.  d.  Bord.  Mars,  1865.  (cold- 
■water  treatment). — ■».  Erafft-Ehing,  Ueb.  Heilung  und  Heilbarkeit  der  Tabes 
durch  den  galv.  Strom.  Deutsch.  Arch.  f.  klin.  Medic.  IX.  1872. — Karmin, 
Fall  von  geheilter  Tabes.  Wien.  med.  Woch.  1868.  Nr.  35. — Cnhmis,  De 
1' emploi  des  courants  contin.  dans  le  trait,  de  I'at.  Gaz.  des  hop.  1868.  Nr. 
lU-m.—Delmar,  Trait,  de  I'at.  loc.  Rev.  m6d.  1874.  Nr.  38.  39.— TFaW- 
mann,  Behandlung  d.  Tabeskranken  als  Anhalt  fiir  Aerzte  u.  Kranke.  Halle, 
1872. — Mendel,  Beh.  der  Tabes  dors.  Deutsch.  Zeitschr.  f.  prakt.  Medic.  1874. 
Nr.  39.— Fa  Richter,  Ibid.  1874.  Nr.  48.— Ueb.  Temperatur  u.  Mcchauik  der 
Badeformen  bei  Tabes,  etc.  Ibid.  1875. — Caster,  Oxide  of  Silver  in  Locom. 
Ataxy.  Philad.  Med.  and  Surg.  Rep.  1875.  Dec. 

Refer,  furthermore,  to  the  text-books  on  Electrotherapeutics,  Balneotherapeutics, 
and  Ilydrotherapeutics,  also  to  the  larger  hand-books  and  encyclopedias  of 
Special  Pathology  and  Therapeutics,  all  of  which  contain  more  or  less  detailed 
accounts  of  the  pathology  and  therapeutics  of  Tabes. 
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"We  begin  the  discussion  of  those  affections  of  the  spinal  cord 
which  are  limited  to  certain  definite  portions  of  the  transverse 
section  of  the  cord,  but  whicli  reach  a  very  varied  longitudinal 
extent,  with  the  consideration  of  that  form  thereof  which  is  best 
known  and  most  studied,  viz.,  gray  degeneration  or  degenerative 
atrophy  (Friedreich)  of  the  white  posterior  columns.  This  is  the 
same  affection  whicli  is  now  almost  universally  designated  as 
"  tabes  dorsalis,"  in  Germany,  the  term  whicli  was  formerly  used 
for  atrophy  of  the  spinal  cord  in  general  being  thus  restricted  to 
this  special  form.' 

This  disease  was  undoubtedly  known  to  the  most  ancient  phy- 
sicians, and  frequently  enough  came  under  their  observation. 
Among  the  forms  of  spinal  disease  which  are  more  or  less  defi- 
nitely spoken  of,  under  the  name  of  tabes,  or  of  phthisis  ischia-- 
dica,  by  Hippocrates,  Galen,  Bonetus,  and  others,  there  were 
undoubtedly  also  cases  of  sclerosis  of  the  posterior  columns. 
But  it  is  hardly  worth  the  wliile  to  trace  out  the  reports  of  the 
older  physicians  on  these  forms  of  disease,  for  we  shall  nowhere 
find  anything  like  an  accurate  characterization  of  the  same,  or 
a  correct  distinction  between  the  different  forms. 

Neither  would  it  prove  any  more  profitable  to  follow  up  all 
tlie  descriptions  of  tabes  dorsalis,  phthisis  of  the  spinal  cord, 
etc.,  which  at  the  end  of  the  last  and  the  beginning  of  the  present 
century  were  ascribed  to  the  influence  of  sexual  excesses  and 
spermatorrhoea,  and  which  reached  their  climax  in  the  extrava- 
gancies of  Lallemand. 

It  was  not  until  the  third  and  fourth  decade  of  the  present 
century  that  occasional  more  exact  observations  appeared,  which 
are  to  be  regarded  as  the  first  foundation  stones  of  the  doctrine 
of  tabes  dorsalis.  The  anatomical  observations  of  Hutin  (1827) 
and  Monod  (1832)  undoubtedly  belong  to  this  disease,  although 
the  latter  were  still  cited  by  Ollivier  as  cases  of  hypertrophy  of 
the  gray  substance.    Cruveilhier,  in  his  celebrated  atlas,  besides 

'  More  generally  known  in  English  as  progressive  locomotor  ataxy.— TnANa 
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admirable  anatomical  representations,  also  gives  a  series  of  histo- 
ries of  the  disease. 

But  it  was  principally  German  physicians  who,  in  the  next 
two  decades,  occupied  tliemselves  in  working  up  the  subject  of 
tabes,  presenting  a  more  precise  picture  of  the  disease,  and  col- 
lecting the  results  of  i)Ost-mortem  examinations  belonging  there- 
to. The  Dissertation  of  W.  Horn  (1827)  may  be  regarded  as  the 
starting-point  of  these  labors.  In  the  subsequent  classical  de- 
scription given  by  Koraberg  all  the  principal  symptoms  of  the 
disease  are  enumerated,  and  he  even  draws  the  distinction  be- 
tween the  peculiar  form  of  motor  disturbance  that  is  present  and 
true  paralysis.  The  anatomical  changes  were  more  accurately 
made  known  through  the  investigations  of  Froriep,  E.  Horn, 
Jacoby,  and  others,  and  the  work  of  Stein  thai  (1844)  gave  a  tol- 
erably complete  representation  of  the  pathology  of  tabes,  even 
though  it  does  include  under  that  head  a  good  deal  that  is  for- 
eign thereto.  German  physiologists  (Joh.  Mueller,  Spiess)  recog- 
nized the  peculiar  form  of  motor  disturbance  which  Bouillaud 
(1845)  and  Todd  (1847)  correctly  designated  as  a  disturbance  of 
co-ordination,  and  not  as  paralysis.  The  description  of  the  dis- 
ease given  by  Wunderlich  (1854)  leaves  but  little  more  to  be 
desired.  Rokitansky  and  Tuerck  advanced  our  knowledge  of 
the  anatomical  alterations  by  their  microscopic  examinations. 
In  Germany,  therefore,  as  early  as  the  beginning  of  the  latter 
halt  of  this  century,  the  history  and  pathological  anatomy  of 
tabes  dorsalis  was  firmly  established  in  its  main  features,  and 
was  sufficiently  well  known  to  the  medical  public. 

It  was  therefore  a  somewhat  peculiar  and  certainly  an  unjus- 
tifiable undertaking  on  the  part  of  Duchenne,  in  the  year  18o8,_ 
to  describe  the  disease  as  an  entirely  new  one  and  under  a  new 
name  (Ataxic  locomotrice  progressive).  Entirely  ignoring  all 
the  labors  of  his  predecessors,  he  seeks  the  seat  of  the  disease, 
on  theoretical  grounds,  in  the  cerebellum,  whereas  it  had  long 
since  been  found  to  lie  in  the  spinal  cord. 

At  the  same  time,  we  must  certainly  admit  that  Duchenne 
gave  a  most  admirable  description  of  the  disease,  one  more  accu- 
rate than  had  previously  been  furnished ;  that  he  characterized 
and  emphasized  the  first  stage  of  the  disease,  though,  perhaps, 
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in  a  somewhat  one-sided  manner ;  that  he  was  the  first  more 
accurately  to  establish  the  idea  of  a  disturbance  of  co-ordination 
(ataxy),  and  to  demonstrate  unequivocally,  by  means  of  the 
dynamometer,  the  preservation  of  the  gross  muscular  strength. 

Duclienne's  work  unquestionably  excited  an  extraordinary 
degree  of  interest  in  all  directions,  and  gave  occasion  to  such 
numerous  works  on  Tabes  dorsalis  that  the  literature  of  the  sub- 
ject has  already  swelled  to  dimensions  which  we  can  hardly  com- 
pass. 

Numerous  investigations  and  discussions  first  arose  in  France 
over  the  "new"  disease,  which,  under  the  powerful  protection 
of  Trousseau,  soon  claimed  general  recognition.  An  extensive 
amount  of  material  was  accumulated,  partly  in  the  form  of  com- 
prehensive representations  of  the  disease  (Dujardin-Beaumetz, 
Mar.  Carre,  and  others),  partly  in  the  form  of  reports  of  cases 
(Bourdon,  Luys,  Oulmont,  Teissier,  Dumenil,  Charcot,  Vulpian, 
and  others),  thus  clearing  up  the  views  held  on  the  subject. 
Stimulated  by  a  prize  question  proposed  by  the  Academy,  several 
larger  works  on  Ataxy  appeared  in  1864  and  1865,  which  treated 
the  question  in  an  exhaustive  and  in  part  in  a  most  admirable 
manner  (Topinard,  Mar.  Carre,  Jaccoud). 

But  in  Germany  also  numerous  and  admirable  works  ap- 
peared. In  the  year  1863  three  very  noteworthy  works,  of  great 
value  in  the  history  of  tabes,  were  put  forth  by  Friedreich,  Eisen- 
mann  and  Leyden,  to  which  were  afterwards  added  many  larger 
and  smaller  communications  and  investigations  (Westphal, 
Froramann,  Spaeth,  Remak,  Benedict,  Finkeluburg,  Boening, 
and  others). 

Since  then  the  production  of  M-orks  on  tabes  has  hardly,  as 
yet,  suffered  any  diminution ;  particularly  in  France  and  Ger- 
many, each  year  brings  a  series  of  valuable  contributions,  while, 
aside  from  the  admirable  labors  of  Lockhart-Clarke,  English  lite- 
rature actually  contains  but  very  little  on  this  subject. 

The  last  few  years  have  materially  advanced  and  deepened 
our  knowledge  of  tabes,  although  we  are  doubtless  still  far  from 
having  arrived  at  a  final  conclusion  of  the  same.  The  anatomical 
changes  have  been  more  accurately  investigated  in  their  finer 
histological  details,  and  in  their  more  precise  localization  in  a 
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transverse  section  of  the  cord ;  tlie  picture  of  the  disease  has 
been  more  sharply  defined  and  relieved  of  unimportant  and  acci- 
dental features  ;  the  careful  observation  of  details  has  taught  us 
to  recognize  a  series  of  rarer  but  not  less  interesting  symptoms  ; 
the  theory  of  the  disease  and  of  its  individual  symptoms  has 
been  elucidated  by  thorough  and  lively  discussions,  although  it 
has  not  yet  been  finally  established  ;  the  diagnosis  has  been  ren- 
dered easier  and  more  delicate,  the  distinction  between  this  dis- 
ease and  neighboring  and  kindred  affections  has  been  materi- 
ally advanced ;  and  the  prognosis,  too,  which  was  formerly  so 
gloomy,  has  been  essentially  modified  by  noteworthy  advances 
in  the  therapeutics  of  the  disease.  The  evidences  of  this  are  to 
be  found  in  the  writings  of  the  past  ten  years,  as  cited  in  the 
above  table  of  literature. 

It  would  carry  us  too  far  if  we  were  to  follow,  even  quite  cur- 
sorily, the  historical  development  of  the  various  scientific  vic- 
tories gained  in  connection  with  this  subject  of  tabes ;  if  we 
were  to  attempt  to  show  how  the  anatomical  views  gradually 
developed  themselves  up  to  the  present  standpoint ;  how  the 
theoretical  views  of  the  entire  disease  and  of  single  symptoms 
thereof  (for  example,  the  ataxy)  slowly  assumed  form,  amidst 
the  most  lively  disputations  ;  what  stages  of  development  the 
therapeutics  of  the  disease  itself  has  undergone,  etc.  The  reader 
who  desires  information  on  this  subject  must  make  his  own  spe- 
cial studies  thereon. 

We  desire  only  to  be  permitted  a  few  remarks  on  the  most 
appropriate  designation  for  the  disease.  None  of  the  designa- 
tions thus  far  in  use  can  be  regarded  as  entirely  appropriate  or 
exhaustive.  The  term  "tabes  dorsalis"  is  hardly  to  be  justified 
by  the  history  of  the  disease  and  not  at  all  so  by  its  anatomy, 
although  it  at  least  has  the  advantage  of  antiquity.  The  term 
"  progressive  locomotor  ataxy  "  is  still  more  unfortunately  chosen, 
as  it  is  derived  from  one  single  symptom  which  often  does  not 
appear  until  the  disease  has  existed  for  years,  and  is  sometimes 
also  present  in  other  diseases.  From  an  anatomical  point  of 
view,  to  which  we  should  endeavor,  as  far  as  possible,  to  adhere, 
the  term  "gray  degeneration  or  degenerative  atrophy  of  the  pos- 
terior columns  of  the  cord"  might  the  most  readily  be  accepted. 
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Aside  from  its  length  and  awkwardness,  however,  it  is  open  to 
the  objection  that  it  only  designates  a  comparatively  late  stage 
of  the  anatomical  alterations,  and  that,  in  all  probability,  it  is 
not  even  exhaustive,  inasmuch  as  an  extension  of  the  process  to 
the  gray  substance  and  to  neighboring  portions  of  the  lateral 
columns  probably  constitutes  the  rule.  The  same  objection  ap- 
plies to  the  name  "  Leukomyelitis  posterior  chronica,"  although 
this  in  a  happy  manner  emphasizes  the  chronic  inflammatory 
character  of  the  process. 

Still,  in  the  end,  it  is  all  the  same  what  we  call  a  thing,  the 
main  point  being  to  know  and  to  determine  what  we  wish  to 
have  understood  under  a  certain  designation.  If  we  can  unite 
on  the  clinical  and  anatomical  characterization  of  the  disease — 
and  I  think  that  at  the  present  day  there  is  no  serious  difficulty 
about  this  with  regard  to  the  disease  under  consideration — we 
shall  also  be  able  to  come  to  an  understanding  as  to  an  appro- 
priate designation  for  the  same.  In  my  opinion — until  something 
better  is  found — it  might  be  most  appropriate  to  adhere  to  the 
old  name  of  tabes  dorsalis,  which  was  naturalized  by  Romberg 
and  has  also  of  late  been  extensively  used  by  the  French,  it  being 
distinctly  understood  that  the  term  is  to  be  limited  to  the  desig- 
nation of  that  form  of  disease  described  in  the  following  pages. 
"Sclerosis  of  the  posterior  columns"  (" Hinterstrangsklerose") 
is  another  not  very  prejudicative  designation  which  might  recom- 
mend itself,  on  account  of  its  brevity,  to  those  who  favor  a  name 
selected  from  an  anatomical  standpoint. 


Definition. 

Under  the  name  of  tabes  dorsalis  we  understand  a  disease  of 
the  spinal  cord  which  runs  a  slow  course,  which  arises  princi- 
pally during  youth  and  middle  age,  and  which  in  all  probability 
belongs  to  the  group  of  chronic  myelitis. 

It  is  anatomically  characterized  by  ribbon-like  sclerosis  of  the 
white  posterior  columns,  leading  to  gray  degeneration,  and  prob- 
ably also  by  later  participation  on  tlie  part  of  the  adjoining  por- 
tions of  the  white  lateral  columns  and  the  gray  posterior  horns ; 
still,  nothing  more  accurate  is  established  with  regard  to  the 
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more  or  less  regular  and  nniform  participation  of  these  parts  in 
the  process.  The  affection  generally  begins  in  the  lumbar  region, 
and  may  extend  throughout  the  entire  cord  as  far  as  the  upper 
cervical  portion,  and  even  into  the  medulla  oblongata. 

Clinically  the  disease  is  characterized  by  a  iirst  stage,  which 
often  stretches  over  many  years,  and  which  is  marked  by  lanci- 
nating pains,  disturbances  of  certain  cerebral  nerves  (the  optic 
and  the  nerves  supplying  the  muscles  of  the  e3^e),  paresthesias 
in  the  legs,  on  the  trunk,  and  in  the  domain  of  the  ulnar  nerve, 
debility,  a  tendency  to  weariness  and  unsteadiness  in  the  legs, 
weakness  of  the  bladder  and  of  the  generative  organs. 

The  second  stage  is  that  of  the  fully-developed  disease,  in 
which,  aside  from  a  more  or  less  high  degree  of  disturbance  of 
sensation  (j^ain,  anaesthesia,  paraesthesia,  sensation  of  a  tight 
girdle,  etc.),  and  aside  from  weakness  of  the  bladder  and  the 
genitals  and  the  disturbance  of  certain  cerebral  nerves,  a  distinct 
and  characteristic  disturbance  in  the  co-ordination  of  motion  be- 
comes prominent,  without  the  gross  power  of  movement  being,  to 
any  considerable  degree,  diminished  (ataxy).  The  cerebral  func- 
tions still  remain  intact. 

Finally,  there  is  the  third  stage,  that  of  progressive  spinal 
paralysis,  characterized  by  actual  paralysis,  muscular  atrophy, 
contractures,  troubles  of  the  bladder,  bed-sores,  and,  at  last, 
general  marasmus. 

It  is  a  disease  of  a  decidedly  progressive  character,  although 
it  is  not  exactly  rare  for  it  to  come  to  a  standstill  and  imj^rove, 
and  in  some  few  instances  actual  recovery  even  takes  place. 

It  is  always  a  question  of  a  disease  of  long  duration,  which  is 
to  be  counted  by  years,  and  not  rarely  by  decades. 

Etiology  and  Pathogenesis. 

Tabes  is  one  of  the  most  frequent  affections  of  the  spinal  cord. 
The  predisposition  to  the  same  must,  therefore,  be  tolerably 
wide-spread. 

In  developing  this  predisposition,  the  neuropathic  tendency 
of  numerous  individuals  undoubtedly  plays  a  very  prominent 
part.    The  increasing  frequency  of  nervous  diseases  generally, 
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and  of  tabes  in  particular,  the  large  number  of  nervous  and  hys- 
terical women,  result  in  the  birth  of  an  ever-increasing  number 
of  individuals  with  a  tendency  to  nervous  diseases.  In  the  family 
history  of  those  affected  with  tabes  it  will  not  be  rare  to  be  able 
to  demonstrate  the  occurrence  of  hysteria,  epilepsy,  mental  dis- 
eases, migraine,  or  it  may  be  only  of  violent  fits  of  anger,  drunken- 
ness, or  anomalies  in  the  form  of  the  skull,  malformations  of  the 
external  ear,  etc.  Such  instances  have  been  narrated  by  Trous- 
seau, Rosenthal,  Topinard,  and  others.  The  condition  of  things 
most  rarely  found  is  that  of  the  direct  hereditary  transmission  of 
the  disease  ;  the  most  striking  instance  of  this  is  given  by  Carre, 
who  saw  eighteen  cases  of  the  disease  occur  in  one  family,  in 
three  generations.  As  a  rule,  parents  transmit  to  their  children 
only  the  predisposition  to  tabes.  This  was  also  especially  true 
in  the  remarkable  observations  communicated  by  Friedreich.  In 
three  different  families  several  brothers  and  sisters  were  each 
time  attacked  with  the  disease  at  almost  the  same  age,  without 
the  parents  themselves  having  suffered  from  it.  The  only  thing 
we  can  suppose  is  that  in  such  cases  a  certain  weakness  and  irri- 
tability of  the  nervous  system,  perhaps  also  a  species  of  impedi- 
ment to  the  development  of  certain  portions  of  the  same,  is  he- 
reditarily transmitted,  which  renders  the  nervous  system  less 
capable  of  resisting  external  injuries. 

At  the  same  time,  according  to  my  experience,  there  is  a  very 
large  number  of  cases  of  tabes  in  which  there  is  decidedly  no 
hereditary  neuropathic  tendency,  the  patients  coming  from  fami- 
lies that  were,  nervously,  perfectly  well. 

Almost  all  observers  concur  in  the  statement  that  the  male 
sex  shows  a  decidedly  greater  predisposition  to  tabes  than  the 
female.  I  can  fully  confirm  this  from  my  own  observation ; 
among  eighty-three  cases  of  undoubted  tabes  seen  by  me,  seventy- 
four  were  men  and  only  nine  women.  It  is  probable  that  this 
greater  predisposition  is  largely  owing  to  the  fact  that  men  are 
far  more  exposed  than  women  to  the  strongest  direct  causes  of 
tabes— taking  cold  and  sexual  excesses.  Still,  this  might  not 
entirely  account  for  so  striking  a  preponderance  of  males. 

The  statistics  of  different  autliors,  although  without  exception  confirming  the 
fact  of  a  marked  preponderance  of  the  disease  in  men,  still  show  great  differences 
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iu  the  proportionate  frequency  of  the  disease  in  the  two  sexes.  I  here  jjlace  together 
Boiue  of  these  statements : 


Men.  Women. 

M.  Carr^  42  18  —  about  in  the  proportion  of  2^  :  1. 

Topinard  21  4  "  "  "  5:1. 

Steinthal  42  6  "  "  "  7:1. 

Eisenmaun  46  20  "  "  "  2^:1. 

Scliulze  37  9  "  "  '  4:1. 

Cyon  149  43  "  "  "  3^  :  1. 

Leonhardt  12  11  "  "  "  1:1. 

Erb  74  9  "  "  "  8:1. 


It  is  not  permissible  to  add  together  these  numbers,  as  they  refer,  in  part,  to 
the  same  cases.  Of  course  these  depend  very  much  on  the  accidental  supply  of 
material,  and  it  is  only  thus  that  the  striking  statement  of  Leonhardt  can  be  ex- 
Ijlained,  which,  it  is  true,  only  relates  to  quite  small  numbers.  At  all  events,  the 
preponderance  of  males  is  established  beyond  all  doubt. 

Tabes  is  a  disease  of  youth  and  middle  age ;  by  far  the  ma- 
jorifcy  of  individuals  are  at  tlie  top  of  the  hill  of  life  when  the 
disease  begins — between  their  thirtieth  and  fiftieth  year.  In  the 
third  decade  of  life,  too,  cases  of  the  disease  are  tolerably  com- 
mon ;  before  the  twentieth  and  after  the  fiftieth  year,  however, 
they  are  very  rare.  This,  too,  might  have  some  connection  with 
the  above-named  causal  conditions. 

Among  sixty-eight  observations  of  my  own,  in  which  the  'beginning  of  the  dis- 
ease could  be  determined  witli  some  certainty,  it  was  found  to  occur  as  follows: 

Between  the  ages  of  11  and  20,  three  times. 
"  "        21    "   30,  thirteen 

"  "        31   "  40,  thirty-one  " 

"  "        41    "   50,  eighteen  " 

"  "        51   "   60.  three  " 

The  statistics  collected  by  other  observers  (Topinard,  Carr6,  Cyon,  etc.)  corre- 
spond pretty  accurately  with  these. 

No  doubt  it  is  owing  to  the  greater  influence  of  external 
injurious  causes  that  certain  occupations  furnish  a  larger  pro- 
portion than  others  to  the  number  of  those  attacked  with  tabes. 
This  is  said  to  be  the  case  especially  in  those  persons  who,  by 
reason  of  their  calling,  are  obliged  frequently  to  expose  them- 
selves to  all  extremes  of  the  weather,  cold  and  wet — and  who 
are  subjected  to  all  sorts  of  bodily  hardships,  sucJi,  for  instance, 
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as  commercial  travellers,  hunters,  engineers,  soldiers,  firemen, 
workers  on  ice,  railroad  conductors,  fishermen,  etc.  At  the  same 
time,  all  these  are  more  subordinate  and  accidental  causes. 

Bodily  and  mental  over  exertion  are  certainly  to  be  counted 
among  the  injuries  which  may  occasion  an  increased  predisposi- 
tion to  tabes.  The  increased  demands  of  the  fight  for  existence, 
the  excitements  and  exertions  of  modern  social  life,  are  certainly 
in  no  small  degree  responsible  for  the  more  frequent  occurrence 
of  tabes  at  the  present  day.  This  explains  the  greater  frequency 
of  the  affection  in  large  cities  and  in  the  higher  walks  of  life,  in 
which  mental  overexertion,  want,  cares,  anxiety,  failures  in  life, 
and  the  like,  often  play  a  very  prominent  role.  All  these  things 
are  to  be  regarded  as  weakening  to  the  body,  and  especially  to 
the  nervous  system,  and  thereby  as  predisposing  to  disease. 

The  same  predisposing  influence  may  be  exerted  (E.  Schulze) 
by  previous  acute  and  clironic  diseases  (typhus,  intermittent 
fever,  and  the  like),  whether  occurring  but  once  or  repeatedly.  A 
similar  effect  may  also  be  claimed  for  syphilis  ;  for  the  existence 
of  an  actual,  specific,  syphilitic  sclerosis  of  the  posterior  columns 
may  yet  well  be  doubted.  But  in  view  of  the  comparative 
frequency  of  both  forms  of  disease,  it  is  hard  to  exclude  an  acci- 
dental concurrence  of  the  same. 

Sexual  excesses  and  onanism  are  certainly  of  no  slight  signifi- 
cance, at  least  in  the  development  of  a  predisposition  to  tabes. 
We  have  already  previously  ex23ressed  ourselves  in  detail  on  this 
point  (page  147),  and  what  was  said  there  holds  especially  good 
with  regard  to  tabes,  the  most  frequent  of  all  chronic  diseases  of 
the  spinal  cord.  We  do  not  entertain  the  slightest  doubt  that 
such  sexual  excesses,  of  the  most  varied  kind,  over-irritate  and 
weaken  the  spinal  cord,  and  at  all  events  make  it  more  suscepti- 
ble to  the  influence  of  direct  injuries. 

Among  the  direct  causes  of  tabes  the  first  that  may  be 
mentioned  is  talcing  cold.  It  is  regarded  by  some  (Ley den,  Leon- 
hard  t)  as  the  most  frequent,  in  fact  as  the  almost  exclusive  cause 
of  tabes;  but  while  fully  recognizing  the  undeniable  potejicy  of 
this  injury,  we  must  yet  look  upon  this  view  as  being  extreme. 

It  is  notorious  that  individuals  who  are  otherwise  quite  well 
and  not  burdened  with  any  neuropathic  tendency,  vigorous 
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people  from  among  the  working  classes,  those  working  in  water 
and  ice,  foresters,  soldiers,  etc.,  frequently  notice  the  lirst  symp- 
toms of  tabes  after  they  have  been,  once  or  rej^eatedl}'-,  exposed 
to  some  serious  injury  in  the  way  of  taking  cold.  Instances  are 
not  rare  in  literature  going  to  prove  that  the  disease  has  come  to 
an  outbreak  as  the  result  of  inundations,  after  a  person's  falling 
into  the  water  or  getting  wet  through,  after  a  wet,  cold  bivouac, 
after  occupying  damp  living-rooms  or  workshojDS,  and  the  like. 

This  holds  particularly  true  for  persons  of  a  nervous  tempera- 
ment, or  who  are  exhausted  and  reduced  through  exposure, 
sexual  excesses,  mental  disturbances,  night-watching,  and  the 
like ;  in  such  persons  even  the  slighter  causes  for  taking  cold 
may  be  effective,  such  as  sleeping  in  a  damp  room,  etc. 

We  possess  no  more  plausible  explanation  of  the  modus 
operandi  of  "  taking  cold"  in  the  production  of  tabes  than  in  the 
numerous  other  forms  of  disease  which  may  likewise  be  brought 
about  by  the  same  cause.  It  is  true  that  various  attempts  at  an 
explanation  of  the  same  have  been  set  up,  which  are  very  well 
meant,  in  themselves,  but  do  not  stand  the  test  of  severe  criti- 
cism. We  consider  it  unnecessary  to  enter  into  any  more  de- 
tailed consideration  of  this  question,  and  content  ourselves  with 
merely  confirming  the  fact  that,  in  many  cases,  "taking  cold" 
can  be  shown  to  be  the  immediate  exciting  cause  of  tabes. 

Bodily  overexertion  and  the  exhaustion  induced  thereby, 
iLCtrd^sldps  of  all  sorts,  are  often  stated  as  being  the  direct  occa- 
sion of  tabes.  Their  efficacy  appears  to  be  especiallj'-  manifest 
if,  at  the  same  time,  an  opportunity  is  given  for  taking  cold,  and 
active  mental  disturbances  likewise  exist.  I  have  twice  seen 
tabes  break  out  in  consequence  of  fatiguing  and  exciting  busi- 
ness journeys  undertaken  during  severe  cold  winter  weather. 
TJie  fact  that  severe  marches  and  other  hardships,  combined  with 
mental  activity  and  excitement,  very  readily  lead  to  tabes,  has 
been  most  unequivocally  proved  by  all  the  campaigns  of  this 
century,  after  which  the  development  of  tabes  has  alwaj^s  been 
observed  to  be  especially  frequent.  To  be  sure,  it  is  hard  to 
determine  in  such  cases  the  share  of  responsibility  to  be  assigned 
to  each  of  the  injurious  conditions.  At  the  same  time,  I  believe 
that  the  mere  overexertion  of  itself,  especially  in  persons  dis- 


TABES  DOKSALTS. 


527 


posed  that  way,  may  prove  effective  to  this  end.  (For  an  exam- 
ple of  the  same  see  Waldmann,  p.  74.) 

All  this  holds  good,  to  a  still  higher  degree,  v^^ith  regard  to 
sexual  over -excitement  and  excesses,  which  may  also  sometimes 
become  the  direct  causes  of  tabes.  Formerly  these  were  regarded 
as  the  principal  and  almost  the  only  causes  of  tabes,  and  every 
poor  victim  of  the  disease  lay  under  the  suspicion  of  having  led 
a  dissolute  life.  This  was  certainl37^  wrong ;  it  is  but  a  limited 
number  of  cases  that  are  unc[uestionably  caused  in  this  way.  But 
it  is  at  least  equally  wrong  to  deny  this  etiological  connection 
entirely,  or  in  great  part.  Aside  from  the  predisposing  influences, 
which  doubtless  constitute  the  main  feature,  cases  are  also  not 
rare  in  which  the  first  manifestations  of  tabes  immediately  fol- 
lowed great  sexual  excesses  (for  instance,  in  newly -married  per- 
sons). This  view  is  even  somewhat  favored  by  the  mere  fact  of 
the  far  more  frequent  occurrence  of  tabes  in  men,  and  during  the 
period  of  their  greatest  sexual  activity. 

Onanism,  carried  to  excess,  acts  in  the  same  way  as  the  exces- 
sive natural  gratification  of  the  sexual  appetite  ;  the  same  is  true 
of  very  frequent  pollutions,  pollutiones  diurnse,  spermatorrhoea, 
and  the  like.  And  yet,  with  regard  to  just  these  last  processes,  it 
is  often  hard  to  determine  what  is  the  cause  and  what  may  perhaps 
already  be  the  effect  of  the  disease  beginning  to  be  developed. 

With  regard  to  the  method  of  operation  of  sexual  excesses  it 
is  also  difficult  to  arrive  at  any  plausible  theory  which  sliall  have 
more  weight  than  that  of  a  mere  conjecture.  We  shall  touch 
briefly,  below,  upon  the  opinions  expressed  on  this  subject. 

Extreme  and  lively  emotional  activity  appears  now  and  then 
capable  of  being  the  starting-point  of  tabes ;  at  least  this  is 
asserted  to  be  true  of  lively  fright,  terror,  continued  anxiety, 
cares,  repeated  anger,  etc.  It  is  well  known  that  these  emotions 
are  often  accompanied  with  serious  disturbances  of  innervation 
(trembling  and  weakness  of  the  limbs,  vaso-motor  disturbances, 
etc.).  It  is  at  least  not  inconceivable  that  an  increase  and  repe- 
tition of  these  disturbances  might  also  finally  lead  to  actual  dis- 
ease of  the  spinal  cord.  But  nothing  accurate  can  be  said  on  this 
point. 

It  is  hard  to  determine  what  relation  certain  acute  diseases 
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bear  to  tlie  tabes  wliicli  follows  them,  wlietlier  tliey  are  merely 
predisposing,  or  whether  they  directly  light  up  the  disturbances 
of  nutrition  in  the  spinal  cord.  The  fact  is,  however,  that  evi- 
dences of  tabes  are  often  developed,  sometimes  more  quickly  and 
sometimes  less  so,  in  the  train  of  typhus,  articular  rheumatism, 
acute  pneumonia,  etc.  The  same  thing  holds  true  of  repeated 
labors  and  abortions,  of  serious  losses  of  blood,  too  long  con- 
tinued lactation,  etc.  ' 

Ataxy  has  also  been  repeatedly  observed  among  the  nervous 
disturbances  which  so  often  appear  in  the  train  of  dipJUJieria  ;i 
but  it  may  apj)ear  doubtful  whether  we  here  have  an  actualf 
affection  of  the  posterior  columns  of  the  cord,  or  perhaps  another 
form  of  ataxy;  still,  the  observation  reported  by  Jaccoud  (1.  c, 
p.  631)  appears  to  me  to  speak  positively  for  the  first  supposi- 
tion. I  am  myself  at  present  observing  an  interesting  case,  in  a 
child  nine  years  of  age,  which,  after  diphtheria  of  the  fauces,  at 
first  showed  ]3aralysis  of  the  pendent  palate,  paresis,  of  accommo- 
dation, and  insufficiency  of  the  internal  recti  muscles,  and  now 
presents  well-marked  ataxy  of  all  four  extremities,  with  slight 
muscular  weakness,  with  very  slight  disturbances  of  sensibility, 
with  swaying  of  the  body  on  closing  the  eyes,  and  the  failure  of 
reflex  irritability  of  the  tendons— therefore  presenting  an  almost 
complete  picture  of  the  symptoms  of  sclerosis  of  the  posterior 
columns. 

Among  chronic  diseases  syphilis  in  particular  has  often  been 
credited  with  being  the  cause  of  tabes  ;  with  what  justice  cannot 
as  yet  be  determined.  E.  Schulze,  in  his  dissertation,  cites  quite 
a  series  of  cases  in  which  no  other  cause  but  previously  existing 
syphilis  could  be  brought  into  etiological  connection  with  the 
tabes.  Judging  by  my  own  experience  this  connection  seems 
doubtful,  although  I  have  often  enough  seen  the  development  of 
other  forms  of  myelitis  in  syphilitic  patients.  On  the  other 
hand,  Fournier  most  recently  insists  on  this  connection  as  being 
comparatively  frequent,  which,  if  it  should  be  confirmed,  would 
of  course  be  a  point  of  the  utmost  importance  in  the  therapeutics 
of  the  disease. 

The  connection  between  hemorrhoids  and  tabes  is  still  more 
obscure  and  doubtful.  The  same  is  true  of  the  causation  of  tabes 
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by  tlie  suppression  of  sweating  of  the  feet,  as  has  been  so  often 
claimed. 

E.  Schulze  also,  in  some  instances,  assigns  a  causative  agency 
to  traumatic  injuries:  fracture  of  the  thigh,  a  fall  upon  the 
belly,  the  shock  of  a  gunshot  wound,  concussion  of  the  spinal 
cord,  etc.    This  probably  requires  further  confirmation. 

Finally,  various  authors  adduce  excessive  tohacco-smoJcing 
among  the  causes  of  tabes.  We  are  unable  to  support  this  in 
itself  not  improbable  assertion  from  our  own  experience,  but 
neither  can  we  deny  it. 

Over  against  all  these  statements,  however,  it  must  also  be 
emphatically  declared  that,  in  no  inconsiderable  number  of  cases 
of  tabes,  the  most  careful  investigation  is  able  to  show  no  cause 
whatever  for  the  disease. 

If  the  verv  existence  of  a  causal  connection  between  the  con- 
ditions  above  mentioned  and  tabes  may  often  be  called  into 
question,  it  must  be  admitted  that  we  know  still  less  with  regard 
to  the  method  in  which  this  causal  connection  proves  effective  in 
the  individual  case ;  in  what  way  sexual  excesses  or  exposure, 
taking  cold,  or  mental  impressions,  induce  the  disturbances  of 
nutrition  in  the  spinal  cord  lying  at  the  foundation  of  the  group 
of  symptoms  which  constitute  tabes.  Of  course  the  most  varied 
opinions  have  been  advanced  on  this  subject,  all  of  which,  how- 
ever, have  been  confined  more  or  less  to  the  domain  of  hypothe- 
sis. This  much  seems  certain,  that  all  cases  do  not  have  the 
same  pathogenesis,  but  that  those  alterations  which  we  designate 
as  sclerosis  or  gray  degeneration  may  finally  be  developed  from 
various  starting-points  within  the  spinal  cord.  In  view,  however, 
of  the  great  difficulties  which  lie  in  the  way  of  obtaining  ana- 
tomical material  from  the  earliest  stages  of  tabes,  these  points 
cannot,  at  the  present  time,  be  positively  decided. 

The  views  with  regard  to  the  origin  of  tabes  which  seem  to  us 
most  plausible  are  those  advanced  by  Kemak,  Sen.,  reproduced 
hy  Cyon,  and  still  further  carried  out  by  Waldmann.  We  lay 
tliese  before  the  reader,  without,  however,  vouching  for  their  cor- 
rectness. According  to  Remak,  the  disease  may  arise  in  two 
ways.  In  the  one,  the  central  nervous  apparatuses  are  primarily 
affected  and  disturbed  in  their  nutrition  by  over-irritation  and 
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overexertion ;  primary  atrophy  and  degeneration  of  the  same 
take  place,  as  a  result  of  which,  however,  inflammation  and 
hypersemia  may  also  afterwards  be  developed.  Under  this  head 
might  be  ranged  those  cases  where  tabes  arises  from  hardships 
and  overexertion,  from  sexual  excesses,  from  mental  disturb- 
ances, and  the  like. 

The  other  way  is  by  the  primary  development  of  an  inflam- 
matory process  in  the  interstitial  tissue  of  the  posterior  columns, 
which  only  secondarily  induces  atrophy  and  degeneration  of  the 
nervous  elements.  To  this  category  belong  those  cases  of  tabes 
which  originate  in  taking  cold,  in  traumatic  injuries,  the  suppres- 
sion of  perspiration  in  the  feet,  acute  and  chronic  diseases,  and 
especially  syphilis. 

In  the  second  group  of  cases,  the  interstitial  changes  lying  at 
their  foundation  may  either  begin  originally  and  principall}'-  in 
the  tissue  of  the  posterior  columns,  thus  constituting  a  primary, 
chronic  interstitial  myelitis,  or  they  may  arise  by  extension  from 
a  chronic  spinal  meningitis.  The  inflammation  of  the  pia  mater 
is,  in  these  cases,  the  primary  step,  the  sclerosis  of  the  posterior 
columns  only  secondary,  extending  thither  from  the  meninges. 
This  order  of  things  has  been  especially  noticed  by  Waldmann. 

It  is  evident  that  before  these  views  can  be  considered  as 
scientifically  established,  pathological  anatomy  must  demon- 
strate, first,  that  there  is  such  a  thing  as  a  primary,  non-inflam- 
matory, degenerative  atrophy  of  the  posterior  columns  ;  second, 
that  in  certain  cases  of  tabes  this  alone  exists  at  the  beginning  ; 
third,  that  in  other  cases  of  tabes  the  interstitial  changes  are  the 
primary  disturbance ;  and  fourth,  that  the  meningitic  changes 
occasionally  found  in  the  autopsies  of  those  who  have  had  tabes, 
preceded  the  other  changes  in  point  of  time.  We  shall  presently 
see,  in  looking  at  the  pathological  anatomy  of  the  subject,  how 
far  these  postulates  are  or  are  not  sustained. 

However  plausible  these  pathogenetic  views  may  therefore  be, 
they  must  nevertheless,  for  the  present,  be  regarded  as  merely 
hypothetical. 
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Pathological  Anatomy. 

In  cases  taken  from  the  later  stages,  macroscopic  inspec- 
tion, as  a  rule,  enables  us  to  recognize  an  atropliy  and  wasting 
of  the  spinal  cord,  especially  in  its  lower  divisions,  and  on  care- 
ful observation  this  is  also  found  to  be  especially  the  case  in  the 
region  of  the  posterior  columns,  which  appear  somewhat  sunken 
and  narrowed. 

Even  on  looking  at  it  through  the  pia  mater,  or,  if  this  is 
thickened  and  cloudy,  after  the  removal  of  the  same,  we  may 
recognize  a  gray  or  grayish-yellow  discoloration  along  the  pos- 
terior median  fissure,  at  both  sides  of  the  same,  extending  almost 
throughout  the  entire  length  of  the  spinal  cord. 

As  a  rule,  the  cord  shows  a  distinct  increase  in  its  consist- 
ency ;  sometimes,  however,  this  appears  quite  normal,  very  rarely 
being  diminished. 

Generally,  also,  the  posterior  roots  are  discolored,  gray,  trans- 
lucent, thin,  atrophied,  in  great  contrast  to  the  normal  white 
anterior  roots  ;  this  discoloration  and  atrophy  are  marked  with 
striking  distinctness  in  the  cauda  equina  in  particular. 

The  pia  mater  usually  appears  cloudy  and  thickened,  con- 
nected by  numerous  adhesions  to  the  dura  mater,  which  is  but 
rarely  thickened  and  roughened,  the  pia  showing  abundant  bony 
plates  and  sometimes  stronger  pigmentation.  This  change  is 
almost  always  confined  to  the  posterior  division  of  the  spinal 
cord,  and  corresponds  in  some  degree  to  the  area  of  extension  of 
the  gray  discoloration ;  more  rarely  the  pia  mater  appears  altered 
over  a  larger  area.  The  spinal  fluid  always  appears  increased 
— sometimes  to  a  large  degree.  The  anterior  and  lateral  divisions 
of  the  spinal  cord,  like  the  anterior  roots,  usually  appear,  on 
external  inspection,  to  be  quite  intact. 

More  accurate  information  can  only  be  obtained  by  the  study 
of  numerous  transverse  sections  of  the  cord. 

In  the  most  well-pronounced  cases,  the  various  transverse  sec- 
tions show  the  posterior  columns  entirely,  or  throughout  their 
greater  extent,  as  gray,  translucent,  of  firmer  consistency,  or 
more  gelatinous,  and  of  a  grayish-yellow  color.  They  are  often 
wasted,  sunken,  evidently  shrunken,  so  that  the  two  posterior 
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columns  appear  more  approximated  to  each  other,  and  show 
greater  precipitousness  in  the  direction  of  their  course.    Tliis  is 
often  very  marked,  particularly  in  the  dorsal 
portion.   (See  Fig.  8.) 

Generally  the  degeneration  is  not  uniformly 
distributed  over  the  entire  transverse  section 
of  the  posterior  columns  [Hinterstrange],  the 
middle  portions  and  those  peripheral  portions 
lying  next  to  the  pia  mater  being  ordinarily 
most  intensely  affected,  and  often  still  sepa- 
rated from  the  posterior  commissure  and  the 
posterior  horns  of  gray  matter  [Hintersaule]  by 
a  narrow  zone  of  white  substance.  As  a  rule, 
nevertheless,  the  external  portions  of  the  pos- 
terior columns  ["die  Keilstrange,"  the  "Funi- 
culi cuneati  "  of  Burdacli. — Trans.]  are  the 
parts,  in  particular,  which  are  likewise  affected, 
thus  affording  a  characteristic  contrast  to  pure, 
secondary  degeneration  which  is  confined  to 
GoU's  columns  ["die  zarten  Strange,"  "Funi- 
culi graciles  "  of  Burdach. — Trans.]. 

It  is  also  rare  for  the  posterior  columns  to 
be  the  subjects  of  gray  degeneration  throughout 
their  entire  length.  In  the  lowest  lumbar  divi- 
sion, we  often  see  but  a  slight  gray  discoloration 
in  the  external  half  of  the  columns  ;  this  in- 
creases in  width  as  we  ascend,  until  finally,  in 
the  upper  half  of  the  lumbar  enlargement,  the 
entire  transverse  section  of  the  posterior  columns 
appears  discolored ;  this  then  generally  con- 
tinues upwards  throughout  the  entire  dorsal 
portion,  again  to  diminish  in  the  cervical  portion, 
and  finally  to  be  limited  to  the  columns  of  Goll. 
the  posterior  columns.  In  the  majority  of  cases,  therefore,  the  rule  holds 
The  moat  mariced  del    good  that  the  iuteusity  and  extent  of  the  pro- 

velojiment  is  shown  In  t  u 

the  upper  lumbar  and    qqqq  [q  greatest  iu  the  upper  lumbar  and  the 

the    thoracic  portion.  " 

t^er^MsTilT  uniform  dorsal  portlous,  diminishing  both  upwards  and 
poIteriOT  ooiumnL         downwards  from  these  points. 
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At  the  same  time  the  changes  may  also  extend  upward  into 
the  medulla  oblongata,  into  a  portion  of  the  restiform  bodies, 
but  then  they  cease  there  without  any  definite  boundaries. 

Not  rarely,  however,  even  the  unaided  eye  can  recognize  a 
sliglit  gi-ayish  discoloration  of  the  neighboring  posterior  and 
external  divisions  of  the  lateral  coliLmns,  which  may  extend  for- 
ward as  far  as  the  anterior  columns,  in  a  gradually  narrowing 
seam,  admitting  of  no  sharp  line  of  demarcation  between  itself 
and  the  normal  tissue. 

In  like  manner  the  posterior  liorns  of  gray  matter  are,  in 
many  cases,  also  not  free  ;  they  appear  of  a  darker  gray,  shriv- 
elled, distorted ;  the  pillars  of  Clarke  have  repeatedly  been  found 
altered. 

This  is  the  picture  of  the  fully  developed,  typical  cases, 
such  as  most  frequently  occur. 

At  the  first  heginning  of  the  disease,  however,  if  anything 
at  all  is  to  be  found,  it  is  only  a  pair  of  narrow,  scarcely  recog- 
nizable gray  strips  at  each  side  of  the  median  line,  in  those  por- 
tions of  the  posterior  columns  designated  by  French  authors  as 
the  "rubans  externes  "  (Charcot,  Pierret).  But  in  some  cases, 
also,  macroscopic  inspection  shows  nothing  abnormal  and  the 
microscopic  alone  reveals  the  beginning  sclerosis. 

In  the  oldest  and  most  severe  cases,  on  the  contrary,  the  spi- 
nal cord,  throughout  long  portions  of  the  same,  appears  dwin- 
dled, atrophied,  and  hardened  in  its  entire  thickness.  On  mak- 
ing a  transverse  section  it  is  found,  almost  throughout  its  entire 
extent,  transformed  into  a  gray,  translucent  mass,  in  which  the 
usual  picture  of  a  transverse  section  is  no  longer  distinctly  to  be 
recognized. 

Bnt  complete  information  with  regard  to  the  kind  and  the 
extent  of  pathological  change  present  can  only  be  attained  by 
the  microscopic  examination  of  hardened  preparations,  treated 
with  various  coloring  matters. 

Histologically,  we  may,  in  the  earlier  stages  of  the  disease,  at 
first  recognize  a  greater  or  less  degree  of  thickening  of  the  inter- 
stitial tissue,  a  greater  wealth  of  nuclei  in  the  same,  often  en- 
larged and  very  much  developed  Deiters'  cells  ;  in  the  nerve- 
fibres  tliere  is  generally  not  much  to  be  seen  that  is  abnormal, 
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aside  from  simple  emaciation,  dwindling,  and  final  disappearance 
of  the  same  ;  a  slight  thickening  of  the  nerve-fibres  is  rare  ;  there 
is  usually  no  breaking  down  of  the  medullary  sheaths,  nor  fatty 
degeneration  of  the  same,  nor  swelling  of  the  axis-cylinders ;  it 
is  merely  a  question  of  simple  atrophy  and  disappearance  of  the 
fibres.  Generally,  especially  in  the  more  recent  cases,  numerous 
granule  cells  are  also  to  be  found,  and  these  are  sometimes 
particularly  abundant  in  certain  definite  zones  of  the  diseased 
tissue  and  scanty  in  others.  The  vessels  are  commonly  thick- 
ened, their  walls  rich  in  nuclei.  Corpora  amylacea  are  scattered 
throughout  the  tissue  in  greater  or  less  number. 

In  the  later  stages  the  principal  mass  of  the  structure  is  com- 
posed of  a  firm,  fibrillar,  often  wavy  connective  tissue,  which  con- 
tains numerous  nuclei,  and  is  usually  disseminated  with  innume- 
rable corpora  amylacea.  Most  of  the  nerve-fibres  have  entirely 
disappeared,  ordinarily  not  even  a  trace  of  the  axis-cylinders  is 
•to  be  seen  ;  but  even  in  the  oldest  cases  one  will  still  find  quite 
a  large  number  of  single,  isolated,  but  well-preserved  nerve- 
fibres  scattered  through  the  increased,  firm  connective  tissue. 
The  vessels  are  sclerotic,  the  number  of  granule-cells  is  small, 
but  generally  there  is  an  increased  number  of  admirably  de- 
veloped, large  spider  cells. 

The  posterior  roots,  so  far  as  they  run  their  course  within  the 
cord  in  the  posterior  columns,  endeavoring  to  reach  the  gray 
posterior  horns,  usually  take  part  in  the  degenerative  process ; 
their  fibres  are  broken  down,  atrophied,  have  grown  more  sparse 
and  thinner,  and  are  separated  from  one  another  by  broader 
bands  of  connective  tissue. 

The  microscope  also  generally  gives  the  best  information  with 
regard  to  the  more  accurate  localization  of  the  process,  with  re- 
gard to  the  degree  of  its  extension  tJirongh  a  transverse  section 
of  the  cord. 

In  the  posterior  columns,  as  a  rule,  the  entire  transverse  sec- 
tion is  more  or  less  attacked,  although  to  a  very  varying  degree 
of  intensity  in  dilferent  cases.  Strictly  speaking,  however,  this 
only  holds  good  with  regard  to  the  upper  lumbar  and  thoracic 
regions.  In  the  lower  lumbar  region  the  middle  and  innermost 
divisions  are  often  tolerably  free ;  in  the  cervical  region,  on  the 
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contrary,  the  external  divisions  are  generally  free  while  the  col- 
umns of  Goll  are  principally  or  exclusively  attacked.  These 
then  generally  behave  exactly  as  in  simple  secondary  degenera- 
tion. The  bundles  of  roots  lying  within  the  posterior  columns  are 
always  affected  likewise,  and  even  within  the  posterior  horns  of 
gray  matter  they  show  all  the  evidences  of  degenerative  atrophy. 

It  is,  of  course,  a  matter  of  importance  to  find  specimens 
showing  what  part  of  the  posterior  columns  is  involved  in  the 
lightest  cases  and  i-s  the  earliest  at- 
tacked. The  opportunity  for  this 
is,  naturally  enough,  but  rarely 
presented.  In  such  cases  Pierret 
found  the  external  ribbons  of  the 
posterior  columns  ( bandelettes 
externes)  exclusively  or  pre-emi- 
nently attacked,  the  columns  of 
Goll,  on  the  contrary,  being  free 
(see  Fig.  9,  a,  a). 

In  contrast  and  complement  thereto, 
Pierret,  in  one  case,  found  the  columns  of 
Goll  exclusively  involved  in  the  sclerosis. 
The  symptoms  observed  during  life  were 
quite  different  from  those  belonging  to 
tabes. 


fTii             •                       J?      i.T-  Fia,  9.  Sclerosis  of  the  posterior  columns,  Con- 
ine     microscope     lUrtnermOre  fined  to  the  external  nbUons  of  the  Siiinc,  repre- 
,                                        ....  Renting  the  first  stage  of  sclerosis  of  the  posterior 
reveals  a  regular  participation  m  columns  in  tabes,  (a,  a.)  After  Pierret,  Arch,  do 
^            ^            ^  Physiol .  IV.  PI.  S. 

the  disease  on  the  part  of  the  ffray 

posterior  liorns,  manifested  by  disappearance  of  nerve-fibres, 
thickening  of  the  connective  tissue,  but  very  slight  changes  in 
the  ganglion- cells,  which  at  most  appear  somewhat  more  pig- 
mented. Clarke's  pillars  also  appear  to  be  regularly  involved, 
even  though  their  ganglion-cells  frequently  remain  tolerably  in- 
tact. This  involvement  of  the  posterior  horns  is,  according  to 
Lockhart  Clarke,  so  constant  that  he  raises  the  question  whether, 
after  all,  the  posterior  gray  horns  are  not  the  first  to  be  diseased, 
or,  at  all  events,  are  not  very  early  affected  in  all  cases.  This  ia 
a  point  worthy  of  all  consideration. 
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In  like  manner  there  is  also,  almost  always,  especially  in  the 
later  stages,  a  well-defined  extension  of  the  disease  to  the  lateral 
columns,  which  is  very  variable  and  sometimes 
quite  considerable  in  extent,  A  sclerotic  stripe, 
varying  in  width,  and  diminishing  in  width  an- 
teriorly, extends  forward  from  the  gray  poste- 
rior horns  along  the  periphery  of  the  lateral 
cohimns,  sometimes  even  extending  far  into  the 
anterior  columns. 

Sclerosis  of  the  posterior  columns  is  there- 
fore, in  the  majority  of  cases  (perhaps  in  all  ?), 
not  the  only  condition  found  in  tabes,  but  the 
process  extends  beyond  the  posterior  columns 
to  the  lateral  columns  and  the  posterior  horns, 
often  involving  them  to  a  yery  considerable  ex- 
tent. Such  a  case  is  given,  for  example,  in  the 
accompanying  Figure  10. 

Sometimes,  also,  degeneration,  sclerosis,  and 
atrophy  of  the  ganglion-cells  is  met  with  in  the 
anterior  gray  horns,  although  this  is  a  rare  form 
of  change.  According  to  Pierret  this  alteration 
stands  in  connection  with  sclerosis  of  the  poste- 
rior inner  root-bundles,  and  extends  from  these 
along  the  bundles  of  fibres  that  radiate  into  the 
anterior  gray  horns. 

After  this  brief  exposition  of  the  principal  and  certainly 
the  most  essential  anatomical  changes  in  tabes,  various  ques- 
tions at  once  arise  which  are  of  the  highest  imioortance  to  the 
pathology  of  the  disease,  whose  solution  falls  chiefly  witliin 
the  domain  of  pathological  anatomy,  but  has,  as  yet,  hardly 
been  undertaken.  "What  is  the  true  essence  of  the  diseased 
Fir  10 —Alterations  P^ocess ?  Is  it  inflammation?  Is  it  simple  degenerative  atro- 
in  a  transverse  section  of  pi^y  ?  jg  jt  secondary  degeneration  ?  Is  the  sclerosis  of  the  pos- 

the  spinal  corrt  in  a  case    ^    •'  jo  j 

of  tabes  dorsaiis  (Fried-  tcrior  columns  the  only  essential  part  of  the  process?  Where 

reich's  form) :  a  high  dc-  j  i  i 

gree  of  ataxy  without  dis-  (Joes  it  begin,  in  what  portion  ?  How  does  it  advance  ?  "Wliat 

turbance  of  cutaneous  or 

muscular  sensibility.  We  is  primary  and  what  secondary  about  the  changes?    Arc  not 

recognize   a   widespread  _  . 

disease  of  the  lateral  col-  certain  portions  of  the  gray  substance  and  of  the  lateral  col- 
umns and  other  portions  ^.^i-i  •,         •..  ,  .ri 

of  the  spinal  cord  in  addi-  umus  affected  With  equal  regularity,  and  is  not  sclerosis  of  these 

tion  to  BcleroRls  of  the  ,       ,  ,  .  .  .  ,  a 

posterior  columns.  parts  of  equal  importance  with  that  of  the  posterior  columns  f 
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All  these  questions  still  await  their  solution.  Many  attempts  have  been  made 
to  answer  them,  and  with  very  varying  results.  Conclusive  proofs  could  scarcely 
be  brought  forward  for  any  of  the  opinions  advanced,  and  but  too  often  the  pref- 
erence of  a  writer  for  a  certain  theory,  or  some  preconceived  opinion  of  liis,  has 
been  sufficient  ground  for  causing  him  to  group  or  to  explain  the  facts  in  a  certain 
way. 

The  most  recent  views  differ  widely  even  with  regard  to  the  general  patholo- 
gical significance  of  the  process.  While  Leyden  treats  of  tabes  under  the  head 
of  chronic  myelitis  he  nevertheless  denies  the  inflammatory  character  of  the  pro- 
cess under  consideration,  and  accounts  for  it  rather  as  a  peculiar  chronic  degener- 
ation of  tlie  nerve-tracts,  without  any  special  participation  on  the  part  of  the  con- 
nective tissue  and  without  inflammatory  manifestations.  He  considers  the  main 
thing  to  be  the  atrophy  of  the  nerve-fibres ;  tliat  this  constitutes  the  starting-point 
of  the  process,  which  is  probably  first  localized  in  the  external  portions  of  the 
posterior  columns. 

Charcot,  indeed,  coincides  with  Leyden  in  so  far  as  to  locate  the  starting-point 
of  the  process,  in  all  probability,  in  the  nerve-elements  (parenchymatous  sclerosis)  ; 
but  he  regards  the  process  as  a  chronic  inflammation,  and  gives  prominence  to  the 
hyperplasia  and  fibrillar  transformation  of  the  connective  tissue  at  the  expense  of 
the  nerve-elements. 

Friedreich,  too,  has  long  since  declared  himself  of  the  opinion  that  sclerosis  of 
the  posterior  columns  represents  a  chronic  inflammatory  process  leading  to  second- 
ary atrophy  of  the  nerve- elements. 

C.  Lange,  on  the  contrary,  believes  that  so-called  secondary  degeneration  plays 
a  prominent  role  in  sclerosis  of  the  posterior  columns,  and  is  inclined  to  attribute  it 
to  a  primary  affection  of  the  roots  caused  by  meningitis. 

It  certainly  cannot  be  denied,  on  making  an  unprejudiced  examination  of  the 
anatomical  conditions  present,  that  secondary  degeneration  does  indeed  play  an  im- 
portant role  in  sclerosis  of  the  posterior  columns.  The  gray  degeneration  so  com- 
monly present  in  the  cervical  portion,  confined  to  the  columns  of  Goll,  is  very  cer- 
tainly only  of  a  secondary  nature,  and  is  always  found  present  when  the  greater 
part  of  a  transverse  section  of  the  cord  in  the  lumbar  region  is  degenerated.  But 
how  and  where  we  are  to  establish  the  boundaiy  between  secondary  and  primary 
degeneration  cannot  as  yet  be  determined.  Evidently,  also,  secondary  degeneration 
— such,  for  instance,  as  occurs  in  chronic  transverse  myelitis — has  in  many  cases 
been  confounded  with  tabes ;  thus,  for  instance,  in  the  two  cases  of  Robitzsch. 

At  all  events,  most  of  tlie  more  recent  observers  are  entirely  agreed  in  the  opin- 
ion that  the  affection  does  not  begin  in  the  posterior  roots,  but  within  the  spin.il 
cord  itself.  Vulpian  speaks  with  all  posilivcness  against  the  possibility  of  the 
former ;  Charcot  and  Pierret  locate  the  beginning  of  the  process  very  positively  in 
the  spinal  cord  itself,  and  Leyden  is  of  the  same  opinion. 

The  French  school  has  recently  made  the  attempt,  based  on  some  fortunate  post- 
mortem discoveries,  to  locate  more  definitely  the  point  of  the  first  beginning  of 
sclerosis  in  the  posterior  columns,  and  to  investigate  the  way  and  method  of  its 
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further  spread  from  this  point  of  origin.  The  views  of  Charcot  and  Pierret,  to 
■whom  we  are  indebted  for  the  investigation  of  this  difficult  and  imjjortant  question, 
are  essentially  as  follows :  The  sclerosis  begins  in  the  external  l)ands  of  the  posterior 
columns,  at  the  point  where  the  inner  root-bundles  mix  with  the  vertically  ascend- 
ing (probably  commissural)  fibres  of  the  posterior  columns ;  this  sclerosis  of  the 
lateral  bauds  or  ribbons  (Keilstriinge)  is  the  only  essential  anatomical  change  in 
ataxy.  The  sclerosis  of  the  columns  of  Goll  (zarte  Strange)  is  to  be  regarded 
principally  as  a  secondary  ascending  degeneration.  At  the  beginning  of  the  disease 
the  posterior  roots  do  not  show  the  slightest  change.  In  the  lateral  bands  of  the 
posterior  columns,  the  sclerosis  now  gradually  spreads  upwards  from  root  to  root ; 
from  here  it  spreads  to  the  columns  of  Goll,  in  part  directly,  and  in  part  (and  prin- 
cipally) as  secondary  degeneration ;  it  furthermore  spreads  from  here  to  the  pos- 
terior gray  homs,  to  the  posterior  roots,  and  to  the  external  portions  of  the  lateral 
columns,  and  finally,  in  rare  cases,  to  the  anterior  gray  horns.  (The  only  observa- 
tion which  stands  opposed  to  these  statements  is  one  published  by  Charcot  himself, 
in  connection  with  Bouchard,"  of  a  case  which  was  regarded  as  the  beginning  of 
tabes  on  account  of  the  lancinating  pains  that  were  present,  and  in  which  the  begin- 
ning sclerosis  was  found  in  the  "  inner  and  posterior  "  portions  of  the  posterior  col- 
umns, therefore,  after  all,  in  the  columns  of  Goll.) 

However  plausible  all  these  views  may  be,  they  can  by  no  means  as  yet  be 
looked  upon  as  firmly  established.  Much  still  remains  to  be  confirmed  by  further 
observation.  After  maturely  weighing  all  the  facts  and  opinions,  we  can  jjrobably 
only  say  this  much,  viz. : 

It  is  in  the  highest  degree  probable  that  in  tabes  we  have  to  deal  with  a  chronic 
inflammatory  process ;  that  it  therefore  merely  represents  one  form  of  chronic  mye- 
litis. 

It  is  possible,  and  perhaps  probable,  that  this  chronic  myelitis  may  take  its  origin 
in  two  different  ways :  at  one  time  from  a  i^rimary  irritation  and  degeneration  of 
the  nerve-elements  themselves  (parenchymatous  sclerosis),  at  another  from  a  primary 
irritation  and  proliferation  of  the  interstitial  tissue  (interstitial  sclerosis)  —  thus 
giving  a  double  method  of  origination  of  tabes,  as  was  believed  by  Rcmak,  Senior. 

It  is  possible,  and  perhaps  probable,  that  the  sclerosis  begins  in  the  external 
bands  of  the  posterior  columns,  and  spreads  from  here  further,  and  that  the  scle- 
rosis of  the  fasciculi  graciles,  or  Goll's  columns,  must,  to  a  great  degree,  be  regarded 
as  a  secondary  degeneration. 

It  is  certain  that  the  disease  does  not  begin  in  the  posterior  roots. 

It  is,  finally,  probable  that  sclerosis  of  the  ^Josterior  columns  is  not  the  exclusive 
and  essential  change  in  tabes,  but  that  a  simultaneous  involvement  of  the  posterior 
gray  horns  and  of  certain  portions  of  the  lateral  columns  is  constant,  and,  perhaps, 
equally  essential — a  statement  which,  it  is  true,  finds  its  support  more  in  clinical 
observation  than  in  the  anatomical  facts  now  before  us. 


'  '  Gaz.  mdd.  de  Paris.  1866.  No.  7. 
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After  this  digression,  it  remains  for  us  to  touch  briefly  on  the 
anatomical  changes  to  be  found  outside  of  the  spinal  cord  in  tabes. 

The  posterior  nerve-roots  are  generally  found  diseased  in  the 
later  stages ;  they  are  highly  atrophied,  flat,  gray,  translucent, 
showing  degenerative  atrophy  of  the  nerve-flbres,  proliferation  of 
connective  tissue,  and  abundant  corpora  amylacea.  In  the  earlier 
stages,  however,  they  are  also  often  found  quite  normal ;  the 
posterior  roots  have  never  been  found  diseased  alone  (Vulpian). 

In  striking  contrast  thereto,  the  peripheral  sensitive  nerves 
are  always  found  entirely  intact,  even  if  the  posterior  roots 
belonging  to  them  (even  to  the  spinal  ganglia)  are  entirely  the 
subjects  of  gray  degeneration. 

The  anterior  nerve-roots  are  intact.  The  spinal  ganglia  are 
likewise  generally  found  entirely  intact. 

Some  have  attached  great  value  to  the  examination  of  tJie 
sympathetic  and  its  ganglia,  because  they  sought  in  this  the 
seat  of  the  disease.  This  has,  however,  always  been  found  intact 
(Carre),  and  where  gray  degeneration  of  the  main  trunk  of  the 
sympathetic  and  the  like  has  been  demonstrated,  as  in  the  case 
of  Chvostek,  it  has  certainly  always  been  on  account  of  a  rare 
and  accidental  complication. 

The  peripheral  spinal  nerves  have  likewise  generally  been 
found  intact ;  Friedreich  alone,  in  one  case  of  his,  found  pro- 
liferation of  connective  tissue,  and  emaciation  of  the  nerve-fibres 
in  the  sciatic  nerve. 

The  muscles  are  generally  quite  normal ;  they  are  at  most 
simply  emaciated  in  the  later  stages ;  degenerative  atrophy  of 
the  same  has  been  found,  as  a  very  rare  complication,  in  individ- 
ual instances. 

Certain  of  the  cranial  nerves,  on  the  contrary,  are  more  fre- 
quently the  seat  of  changes.  This  occurs  oftenest  in  the  optic 
nerves,  which  show  gray  degeneration — essentially  the  same 
change  that  takes  place  in  the  posterior  columns — proliferation 
of  connective  tissue,  rapid  and  complete  disappearance  of  nerve- 
fibres,  and  numerous  corpora  amylacea.  The  trunks  of  the  optic 
nerves  are  generally  most  intensely  attacked ;  still,  the  affection 
may  also  extend  throughout  the  entire  length  of  the  optic  tract  as 
far  as  to  the  corpora  geniculata.  Thus  far  it  has  proved  impossible 
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to  find  any  anatomically  demonstrable  continuity  of  the  gray 
degeneration  between  the  optic  nerves  and  the  posterior  columns. 

In  quite  rare  cases,  alterations  belonging  to  the  class  of  atro- 
phy and  gray  degeneration  have  also  been  found  in  some  other 
cranial  nerves  (oculomotorius,  abducens,  hypoglossus). 

The  nuclei  of  these  nerves,  on  the  floor  of  the  fourth  ventricle, 
also  appear  sometimes  to  be  affected. 

Among  the  pathologico-anatomical  changes  found  in  other 
parts  of  the  body  those  of  the  joints  claim  special  interest.  In 
those  cases  in  vrhich  disease  of  the  joints  belongs  to  the  symp- 
toms of  tabes  dorsalis  we  find  a  disappearance  of  the  articular 
cartilages,  a  grinding  off  of  the  articular  head  and  of  the  cavity 
for  its  reception,  the  surfaces  of  which  are  hollowed  out  and 
rough,  or  ground  off  and  flattened ;  a  peculiar  characteristic  of 
this  condition  is  that  with  the  rapid  disappearance  of  bone  there 
is  so  insignificant  a  tendency  to  exostosis.  In  more  recent  cases 
the  amount  of  articular  fluid  is  materially  increased,  points  of 
thickening  and  fungosities  are  found  on  the  synovial  membrane, 
the  surrounding  soft  parts  are  more  or  less  strongly  and  exten- 
sively swelled  and  suffused  with  fluid. 

The  changes  in  the  skin  (bed-sores,  etc.),  in  the  bladder  (cys- 
titis, ulceration,  diphtheria,  etc.),  in  the  kidneys  (pj'-elonephritis, 
interstitial  abscesses,  etc.),  in  the  respiratory  apparatus,  the  di- 
gestive apparatus,  etc.,  are  the  same  as  in  chronic  myelitis. 
They  belong  to  the  very  latest  stages  of  tabes  or  are  more  acci- 
dental complications. 


Pathology  of  Tabes  Dorsalis. 

Symptoms. 

I  give  first  the  general  picture  of  the  disease  in  the  ordinary 
typical  form  of  tabes,  which  includes  by  far  the  greater  number 
of  cases,  and  which,  in  my  opinion,  must  constitute  the  starting- 
point  for  all  further  investigations  and  observations.  The  remain- 
ing rarer  forms  I  shall  endeavor  to  characterize  briefly  farther  on. 
In  view  of  the  importance  of  the  malady,  and  the  wealth  and 
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manifold  character  of  its  symptoms,  this  delineation  must  be 
allowed  a  somewhat  wide  sweep. 

The  disease  almost  always  begins  with  an  introductory  stage 
(also  designated  as  a  precursory,  prodromal  or  neuralgic  stage), 
which  may  last  for  a  very  variable  period  of  time,  generally 
extending  over  many  months  or  a  few  years — sometimes,  how- 
ever, over  a  longer  period  of  years. 

The  most  characteristic  and  almost  constant  signs  of  this 
stage  are  the  lancinating  neuralgiform  pains  ;  lively,  stabbing, 
boring  pains,  shooting  through  a  part  like  lightning,  lasting  for 
single  days  or  nights,  or  often  merely  for  hours  ;  pains  which 
may  be  of  furious  severity,  generally  occurring  in  paroxysms, 
and  consisting  of  an  aggregation  of  numerous  single,  often  merely 
momentary  impressions  of  pain ;  pains  which  often  remain  con- 
fined for  a  long  time  to  one  or  both  lower  extremities,  often 
changing  their  position  within  these,  but  which  also  extend  far- 
ther to  the  trunk  (very  generally),  and  to  the  upper  extremities 
(more  rarely). 

These  pains,  occurring  in  paroxysms,  are  generally  regarded 
as  rheumatic  in  character  and  treated  accordingly,  and  are  often 
but  little  regarded  for  years.  At  first  they  recur  but  rarely,  at 
intervals  of  months — for  instance,  in  the  spring  and  fall ;  gradu- 
ally they  become  more  frequent  and  more  tormenting,  occur  with 
every  change  of  weather,  especially  with  every  considerable  vari- 
ation of  the  barometer,  with  rain,  wind,  snow,  and  the  like,  after 
bodily  overexertion,  and  after  mental  disturbances. 

They  may  last  for  years  without  any  further  symptoms  being 
developed. 

Sooner  or  later,  however,  in  many  cases — by  no  means  in  all 
— symptoms  appear  on  the  part  of  certain  cranial  nerves  ;  above 
all  tilings,  diplopia^  caused  by  paresis  or  paralysis  of  various 
muscles  of  the  eye,  especially  those  supplied  by  the  oculomoto- 
rius.  This  diplopia  may  be  transitory  and  may  change  its  place, 
or  it  may  persist  for  a  longer  time,  for  some  months  ;  it  is  but 
rarely  that  such  paralyses  are  permanent. 

Quite  the  contrary  is  true  with  regard  to  the  amblyopia, 
which  is  of  almost  equal  frequency,  not  rarely  arising  in  the  in- 
troductory stage  of  tabes,  and  which  more  or  less  rapidly  de- 
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velops  to  complete  amaurosis,  being  dependent  on  a  degenerative 
atropliy  of  the  optic  nerve,  which  is  hardly  ever  capable  of  re- 
covery. 

More  frequent,  however,  than  these  disturbances  of  the  high- 
est sense,  during  the  introductory  stage,  are  disturbances  of  the 
sensibility  and  mobility  of  the  lower  extremities,  which,  after  a 
longer  or  shorter  time,  become  constantly  associated  with  the 
lancinating  pains,  sometimes  even  preceding  these,  or  at  least 
arising  simultaneously  with  them. 

The  first  disturbances  are  usually  those  of  a  sensory  charac- 
ter, appearing  in  the  form  of  various  \>!md^^Gi  paresthesia  ;  such 
as  a  feeling  of  numbness,  the  sense  of  having  wool  or  felt  on  the 
soles  of  one' s  feet,  formication  in  the  feet,  the  legs,  and  thighs, 
also  on  the  trunk,  and — what  is  tolerably  frequent  and  charac- 
teristic— in  the  ulnar  domain  of  one  or  the  other  hand  ;  in  other 
cases  the  sense  of  a  tight  girdle  at  various  heights  on  the  trunk, 
or  also  on  the  extremities,  about  the  knee-  or  ankle-joint.  Ances- 
tliesia  which  can  be  objectively  demonstrated  is  very  rare  at  this 
time. 

On  the  other  hand,  the  sensations  of  motor  weakness  and 
insecurity,  of  growing  more  easily  fatigued  on  standing  or 
walking  for  any  length  of  time,  belong  to  the  most  constant 
symptoms.  These  may  also,  in  part,  be  regarded  as  belonging 
to  the  class  of  sensory  disturbances.  That  striking  sense  of  fa- 
tigue, in  particular,  of  which  the  patient  is  often  aware  even 
before  he  has  left  his  bed  in  the  morning,  or  which  becomes  quite 
oppressive  on  the  slightest  exertion,  especially  on  standing,  and 
which  is  followed  by  an  uncomfortable  disquiet  in  the  limbs, 
might  be  regarded,  in  part,  as  an  irritation  or  parjEsthesia  of  the 
sensitive  nerves  of  the  muscles. 

Undoubtedly,  however,  true  motor  disturbances  are  also  asso- 
ciated with  this  condition  ;  patients  decidedly  lose  the  strength 
of  their  limbs  ;  exertions  which  were  formerly  borne  with  ease 
become  a  severe  effort ;  their  powers  of  endurance,  in  walking 
and  standing,  diminish  materially.  Patients  find  the  perform- 
ance of  these  acts  increasingly  difficult  and  disagreeable ;  they 
feel  themselves  unsteady  on  their  legs,  believe  that  they  sway  to 
and  fro,  or  actually  do  so  to  a  slight  degree,  and  yet  sufficiently 
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SO  to  be  capable  of  objective  demonstration.  In  many  patients 
all  these  manifestations  increase  materially  when  it  grows  dark, 
and  in  such  persons  we  can  also  always  recognize  a  higher  de- 
gree of  disturbance  when  they  close  their  eyes.  All  these  mani- 
festations may  require  a  variable  length  of  time  for  their  devel- 
opment. 

In  many  instances  disturbances  of  the  bladder  appear  sooner 
or  later  (difficulty  of  micturition,  dribbling  of  urine  thereafter, 
etc.),  and  almost  more  frequently  there  is  uoeaJcness  and  irrita- 
bility of  the  sexual  functions  (various  grades  of  impotence, 
insufficient  erections,  premature  ejaculations,  nocturnal  or  diur- 
nal pollutions,  increased  excitability  on  coming  in  contact  with 
women,  etc.). 

Among  the  much  rarer  disturbances  at  this  period  of  the  dis- 
ease are  severe  attacJcs  of  gastralgia  (crises  gastriques),  which 
doubtless  stand  in  close  relation  to  the  lancinating  pains  ;  pecu- 
liar affections  of  the  joints  (arthropathies  des  ataxiques) ;  head 
symptoms  of  various  kinds,  as  a  sense  of  confusion,  headache, 
pain  in  the  neck,  evidences  of  an  oversupply  of  blood  to  the 
head,  dizziness,  great  psychical  irritability  or  slight  psychical 
aberration,  etc. 

There  is  usually,  at  this  period,  but  a  very  slight  sense  of  ill- 
ness ;  nutrition  is  good ;  there  is  never,  or  but  very  rarely,  any 
fever.  Finkelnburg  and  M.  Rosenthal  claim  to  have  seen  slight 
febrile  disturbances  in  the  initial  stage. 

While  all  the  manifestations  hitherto  described  increase,  the 
stage  of  the  fully  developed  disease  then  approaches,  generally 
very  slowly  and  gradually.  This  may,  with  some  propriety,  be 
called  the  ataxic  stage,  on  account  of  the  symptom  which  most 
forcibly  strikes  the  eye.  Of  course  it  is  impossible  to  establish 
a  sharp  boundary  between  the  stages. 

The  unsteadiness  of  the  gait  increases  more  and  more,  until 
distinct  disturbance  of  co-ordination  {ataxy)  is  developed,  and 
the  patients  clearly  show  the  ataxic  gait ;  their  legs  are  moved 
unsteadily,  irregularly,  and  with  a  Hinging  motion,  the  toes  are 
pointed  outwards  and  thrown  into  the  air,  the  heels  are  brought 
to  the  ground  with  a  stamp  ;  the  gait  becomes  insecure,  swaying, 
staggering  ;  the  majority  of  such  patients  anxiously  follow  their 
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steps  with  the  eye,  and  can  only  walk  with  difficulty,  or  perhaps 
not  at  all  if  they  turn  away  or  close  their  eyes. 

At  the  same  time  their  powers  of  endurance  diminish  more 
and  more ;  the  promenades  grow  shorter  and  shorter ;  finally, 
every  little  trip  throws  the  patient  into  a  profuse  perspiration ; 
there  is  no  longer  any  question  of  his  standing  on  his  feet  con- 
tinuously. 

In  remarkable  contrast  hereto,  it  appears,  on  examination  in 
the  lying  posture,  that  the  gross  strength  of  the  legs  is  not  at 
all,  or  hut  very  little,  reduced;  that  single  movements  can  be 
executed  with  almost  normal  strength  and  certainty.  Still,  on 
more  careful  examination,  in  the  majority  of  cases,  slight  local 
pareses  may  be  recognized.  Tension  of  muscles  is,  however,  en- 
tirely lacking. 

Soon,  however,  well-developed  ataxy  of  the  legs  shows  itself, 
even  in  the  lying  posture.  Somewhat  more  complicated  move- 
ments (movement  in  a  cii'cle,  the  touching  of  an  object  held  be- 
fore them,  etc.)  are  accomplished  with  increasing  uncertainty, 
with  many  zigzag  motions,  etc.,  in  spite  of  the  anxious  assistance 
given  by  the  eye.  This  is  frequently  still  more  the  case  if  the 
patients  close  their  eyes,  the  movements  then  becoming  quite 
uncontrolled,  irregular,  unmeasured. 

In  the  further  course  of  the  disease  the  ataxy  keeps  increasing  ; 
patients  are  obliged  to  avail  themselves  of  one,  and  afterwards 
of  two  canes  ;  eventually  they  have  to  be  led  ;  then  they  can  no 
longer  walk  under  any  circumstances,  and  finally  the}'-  can  no 
longer  stand.  On  attempting  to  do  so,  swaying  and  staggering  at 
once  begin,  or  the  patients  fall  to  the  ground  outright. 

Sooner  or  later  the  ataxy  also  extends  to  the  iLpper  extremi- 
ties ;  this  occurs  with  very  variable  rapidity  in  different  cases, 
and  sometimes  does  not  occur  at  all,  even  where  the  disease  has 
existed  for  years.  The  more  delicate  and  complicated  move- 
ments— writing,  piano-playing,  handiwork,  etc. — are  the  first  to 
become  difficult  or  impossible  ;  the  attempt  to  take  hold  of 
things  is  accomplished  with  singular,  jerking,  irregular  move- 
ments ;  the  acts  of  dressing,  eating,  and  the  like  become  visibly 
more  difficult,  and  the  patients  are  thereby  rendered  to  a  great 
degree  helpless. 
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At  the  same  time  the  disturbances  of  sensation  are  liable  to 
increase ;  the  lancinating  pains  continue  with  varying  intensity 
and  frequency,  the  sense  of  a  tight  girdle  is  generally  very  con- 
siderable and  sometimes  increases  to  a  feeling  of  oppression  and 
constriction.  The  diminution  of  sensibility  in  the  legs  is  now 
likely  to  be  distinctly  and  objectively  demonstrable,  though  to  a 
very  variable  degree  ;  sometimes  it  can  hardly  be  demonstrated, 
even  on  the  most  careful  examination,  at  other  times  it  is  of  a  high 
degree  and  well  pronounced.  Partial  paralysis  of  sensation  is 
also  very  common— analgesia,  as  well  as  partial  paralysis  of  the 
sense  of  touch  and  the  perception  of  temperature.  Retardation 
of  sensitiveness  to  pain  is  not  rare,  as  well  as  the  long  continu- 
ance of  sensations,  or  hyperalgesia  with  diminished  sense  of 
toucli.  Almost  always  corresponding  anomalies  in  muscular 
sensibility  can  also  be  demonstrated,  such  as  a  diminished 
perception  of  the  position  and  attitude  of  the  extremities  or  of 
passive  movements,  greater  difficulty  in  performing  movements 
with  closed  eyes,  etc. 

The  reflex  action  of  tlie  skin  acts  variously  ;  sometimes  it  is 
increased,  generally  normal,  often  lowered  or  extinguished.  On 
the  other  hand — and  this  seems  to  be  a  very  noteworthy  symp- 
tom —  the  reflex  action  of  the  tendons  is  always  completely 
extinguished^  and  this  seems  to  stand  in  no  regular  relation  to 
the  reflex  action  of  the  skin. 

The  disturbances  in  function  of  the  bladder  and  sexual 
organs  already  referred  to  increase  in  intensity.  The  nutrition 
of  the  muscles  generally  remains  intact  for  a  very  long  time  ;  the 
same  is  true  of  the  nutrition  of  the  skin  ;  at  this  period  bed-sores 
are  very  rare. 

In  some  instances  various  rarer  symptoms  are  added  to  the 
disturbances  already  named,  whereby  the  picture  of  the  disease 
may  be  rendered  very  manifold,  but  which  must  yet  be  looked 
upon  as  subordinate  and  by  no  means  regular  manifestations. 
Among  these  are  disturbances  of  hearing,  nystagmus,  slight 
derangements  of  speech,  troubles  with  the  joints,  muscular 
twitchings,  muscular  atrophy,  attacks  of  sulfocation,  difficulty 
of  swallowing,  etc. 

Aside  from  the  previously  described  disturbances  of  motility, 
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of  sensation,  of  reflex  action,  etc.,  an  objective  examination 
reveals  but  very  little.  The  spinal  column  is  generally  quite 
normal,  nowhere  sensitive.  It  is  but  very  seldom  that  points 
which  are  painful  on  pressure  can  be  demonstrated  thereon. 
The  urine  usually  remains  normal  for  a  long  time.  The  internal 
organs  are  healthy.  The  general  nutrition  oi'dinarily  remains 
good  for  a  long  time  ;  sleep,  appetite  and  digestion  are  apt  to  be 
good,  notwithstanding  that  patients  suffer  from  more  or  less 
obstinate  constipation.  Man}?^  patients  are  strikingly  well  nour- 
ished, of  blooming  appearance,  corpulent ;  some,  to  be  sure,  pre- 
sent a  pale,  sickly,  faded  appearance. 

The  psychical  functions,  intelligence,  memory,  disposition,  etc., 
generally  remain  intact  for  a  long  time — often  permanently.  The 
observation  of  Steinthal  that  patients  sick  with  tabes  rejoice  in  a 
striking  degree  of  cheerfulness  and  contentment,  and  bear  their 
pitiable  troubles  with  wonderful  good  humor,  can  often  be  con- 
firmed. Of  course,  this  is  by  no  means  always  true,  and  but 
too  many  patients  experience  the  burden  of  their  tortured  exis- 
tence with  double  weight. 

Thus  matters  may  remain  in  this  stage  for  many  years  (5,  10, 
15,  or  20  years),  slowly  and  gradually  changing  for  the  worse, 
and  this  does  not  exclude  the  existence  of  periods  of  standing 
still  and  fluctuations  towards  improvement.  The  helplessness  of 
the  patients  constantly  increases,  their  discomforts  augment,  the 
pains  do  not  abate,  and  the  whole  misery  of  their  condition  is 
made  more  insupportable  by  the  amaurosis,  the  incontinence  of 
urine,  the  slowly  developing  vesical  catarrh,  etc. 

And  thus  the  final  stage  gradually  approaches--the  stage  of 
true  paralysis  and  of  increasing  cacliexia  (stadium  paralyticum, 
paraplegic  stage).  The  motor  power  diminishes  sooner  or  later, 
faster  or  slower,  finally  reaching  the  point  of  complete  paraple- 
gia ;  the  legs  grow  stiff,  contractions  set  in,  and  deformities 
caused  thereby,  the  muscles  become  more  and  more  emaciated, 
the  extremities  grow  thin  and  skeleton-like. 

Distinct  disturbances  of  digestion  now  set  in,  the  appetite 
diminishes,  the  bowels  grow  increasingly  sluggish,  and  when  a 
movement  of  the  bowels  is  about  to  take  place  it  can  no  longer 
be  held  back.    The  prolonged  paralysis  of  the  bladder  leads  to 
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cystitis  with  its  results ;  finally  bed-sores  set  in,  accompanied 
with  fever,  and  if  an  earlier  end  is  not  put  to  the  sufferings  of  the 
patient  by  some  intercurrent  disease  (tj^phus,  pneumonia,  pul- 
monary phthisis,  dysentery,  or  the  like),  death  finally  occurs 
through  general  exhaustion. 

This  is  the  way  it  goes  in  the  worst  cases.  Sometimes,  how- 
ever, we  see  the  disease,  in  its  earliest  stages,  turn  towards  a 
cure ;  it  is  true  this  is  seldom  enough  the  case — still  it  does 
occur. 

Or  the  disease  may  come  to  a  stand-still  for  a  longer  time, 
the  patients  remain  for  decades  of  years  in  the  same  situation, 
without  any  material  fluctuations,  until  finally  the  terminal  stage 
brings  about  the  end  in  a  comparatively  short  space  of  time,  or 
the  unfortunate  victim  is  carried  off  by  some  intercurrent  dis- 
ease. 


The  analysis  of  the  individual  symptoms  of  tabes  brings  us 
in  contact  with  numerous  interesting  problems  in  the  pathology 
and  physiology  of  the  spinal  cord,  which  may  be  conducted 
toward  their  solution  by  the  accurate  clinical  analysis  of  this 
disease  and  through  careful  histological  examinations. 


Disturhances  of  Sensibility. 

Among  these,  pain  stands  largely  in  the  foreground,  partly 
on  account  of  its  early  occurrence  as  regards  time,  partly  on 
account  of  its  great  severity  and  frequent  recurrence. 

This  is  very  particularly  true  of  the  so-called  lancinating 
pains  (boring,  darting  like  lightning)  which  belong  to  the  most 
regular  manifestations  of  the  initial  stage,  but  also  not  rarely 
accompany  the  disease  throughout  its  entire  course. 

These  are  the  excessively  severe  boring  or  piercing  pains — 
darting  through  like  lightning,  or  sometimes  raging  in  one  spot 
for  some  seconds,  and  occasionally  conveying  the  sense  of  a  tight 
cord— which  have  already  been  graphically  described  by  so  many 
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authors,  and  vvliicli  we  have  also  already  previously  attempted 
to  characterize  (p.  75). 

They  usually  occur  in  j)aroxysms,  w^hich  are  repeated  with 
varying  frequency,  and  which  themselves,  again,  are  composed 
of  a  larger  number  of  single  painful  sensations.  They  are  at 
times  confined  to  a  small,  circumscribed  region  of  the  skin,  and 
are  then  not  rarely  accompanied  with  a  high  degree  of  circum- 
scribed hypersesthesia  at  the  same  spot,  causing  a  light  touch  to 
be  uncommonly  painful,  while,  on  the  contrary,  stronger  pres- 
sure appears  to  be  grateful.  Or  these  pains  may  be  situated 
deep  within  the  soft  parts  or  in  the  bones,  and  one  sees  the 
patient  every  moment  or  two  twitching  in  body  and  his  face  dis- 
torted with  pain,  sometimes  even  moaning  and  whimpering.  Or 
the  pains  may  follow  certain  definite  nerve-tracts,  in  the  form  of 
neuralgia,  as  darting  pains  through  the  limbs,  generally  desig- 
nated as  "rheumatic."  Then  during  the  paroxysms  the  nerve- 
trunks  are  likely  to  be  sensitive  to  pressure. 

The  intensity  of  the  pain  is  very  variable  in  different  cases. 
Some  patients  are  so  little  troubled  with  it  that  it  requires  care- 
ful questioning  to  determine  the  existence  of  the  pain.  Others 
are  obliged  to  endure  the  most  fearful  tortures  during  the  at- 
tacks, which  equal  in  intensity  the  worst  neuralgic  paroxj'sms. 
Almost  every  patient  gives  a  somewhat  different  description  of 
the  pain ;  but  its  momentary,  boring,  paroxysmal  character,  like 
a  streak  of  lightning,  almost  always  stands  forth  so  prominently 
that  it  can  readily  be  recognized. 

The  duration  of  the  individual  attacks  is  very  variable  :  often 
but  single  darts  of  pain  arise ;  at  other  times  an  attack  of  half  an 
hour  is  all  that  is  experienced  for  one  or  several  days  ;  but  fre- 
quently the  attacks  last  for  hours  and  days,  and  generally  attain 
their  greatest  intensity  during  the  night.  The  intermissions  may 
be  quite  free  from  pain,  or  may  present  only  moderately  painful 
sensations. 

The  frequency  of  the  attacks  is  extremely  variable :  some- 
times they  are  repeated  in  the  course  of  days  or  weeks  ;  at  others 
the  individual  attacks  are  separated  by  intervals  of  months,  and 
even  of  years. 

It  is  not  to  be  denied  that  external  impressions  are  of  the 
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greatest  influence  on  the  occurrence  of  the  attacks.  This  is 
undoubtedly  true  with  regard  to  the  influence  of  the  weather. 
Although  this  influence  may  not  be  capable  of  being  demon- 
strated with  certainty  in  all  patients,  yet  it  certainly  exists  in 
many,  and  I  have  often  been  surprised  at  the  unanimity  with 
which  my  tabes  patients  complained  of  attacks  of  pain  on  cer- 
tain dufs.  In  our  climate,  patients  have  the  most  reason  to  fear 
wind,  a  low  barometer,  rain  and  snow,  also  fog ;  hence,  doubt- 
less, the  often  observed  greater  frequency  of  the  attacks  in  the 
spring  and  autumn.  In  the  height  of  summer  those  days  are 
especially  to  be  feared  on  which  there  are  thunder-storms. 

Aside  from  the  influence  of  weather,  the  attacks  are  also 
sometimes  brought  about  by  bodily  exertion,  emotional  disturb- 
ances, the  act  of  coition,  and  the  like. 

The  lancinating  pains  undoubtedly  belong  to  the  most  con- 
stant symptoms  of  tabes  ;  Topinard  states  that  they  were  want- 
ing 22  times  in  104  cases;  in  60  of  my  own  observations,  in 
which  a  statement  is  made  with  regard  to  them,  they  were  ab- 
sent only  8  times ;  on  paying  more  particular  attention  thereto, 
they  may  perhaps  be  found  still  more  frequently.  Quite  lately  it 
happened  that  one  of  my  patients,  on  being  repeatedly  ques- 
tioned, stated  that  he  had  never  had  any  pain ;  and  then,  when  he 
happened  to  have  a  characteristic  attack  of  pain,  declared  that 
that  was  his  old  "rheumatism,"  from  which  he  had  suffered  for 
many  years.  Generall}''  the  pains  precede  all  other  symptoms 
for  a  longer  or  shorter  time  ;  sometimes,  however,  they  occur  at 
the  same  time  with  other  symptoms,  or  follow  them.  AVhenever 
the  characteristic  attacks  of  pain  are  met  with,  we  may  seriously 
suspect  the  presence  of  tabes;  at  the  same  time,  it  would  be  a 
matter  of  interest  to  determine  more  positively  whether  similar 
pains  may  not  also  occur  here  and  there  without  any  reference 
to  sclerosis  of  the  posterior  columns,  or  whether  they  are,  as  it 
almost  appears,  well-nigh  pathognomonic  of  tabes. 

With  regard  to  the  actual  pathogenesis  of  these  lancinating 
pains,  we  have  as  yet  only  conjectures,  the  most  probable  of 
which  is  that  they  are  caused  by  irritation  of  the  posterior  root- 
fibres  within  the  posterior  columns.  Charcot,  with  all  positive- 
ness,  places  the  anatomical  location  of  the'  same  in  the  external 
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bands  of  the  posterior  columns  wliicli  contain  the  internal  root- 
libres,  claiming  that  the  lancinating  pains  are  entirely  character- 
istic of  sclerosis  of  these  bands. 

According  to  this,  they  might  probalily  also  occur  in  other  diseases  of  the  spinal 
cord  as  soon  as  these  involved  the  above-named  bands — for  instance,  in  multiple 
sclerosis. 

Analogous  perhaps  to  the  lancinating  pains  are  the  visceral  neuralgias  described 
of  late  by  a  number  of  writers :  the  urethral  and  rectal  colics,  the  gastralgic  attacks 
(Delamarre,  Charcot),  the  attacks  of  renal  colic  (Raynaud),  etc.,  to  which  we  shall 
refer  again  farther  on. 

Pain  in  tlie  hack  belongs  decidedly  to  the  rare  symptoms  of 
tabes.  In  many  cases  patients  do  not  complain  of  the  least  ab- 
normal sensation  along  the  vertebral  column  ;  this  is  nowhere 
sensitive  to  pressure  or  on  motion.  Sometimes  complaint  is 
made  of  circumscribed  or  more  dilf  use  pain  in  the  vertebrae,  be- 
tween the  shoulder-blades  or  in  the  small  of  the  back.  But 
these  are  manifestations  of  only  slight  severity.  In  some  cases, 
points  which  are  painful  on  pressure  may  be  found  on  the  spi- 
nous or  transverse  processes  of  single  vertebrae — a  fact  to  which 
Mor.  Meyer  has  recently  again  called  attention ' — which  furnish 
an  important  basis  for  treatment,  but  which  are,  unfortunately, 
only  too  rare.  Whenever  there  is  prolonged  and  severe  pain  in 
the  back,  when  this  pain  is  materially  increased  by  movements 
of  the  bod}''  or  of  the  extremities,  by  riding  over  a  rough  road, 
by  pressure  on  the  spinal  column,  we  may  suspect  the  immediate 
cause  to  lie  in  meningitic  complications,  as  has  also  been  plainly'' 
shown  by  the  descriptions  of  Waldmann. 

Among  the  varieties  of  parcestJiesia,  which  rarely  fail  in  the 
picture  of  tabes,  the  most  prominent  is  tJie  sense  of  a  tight  girdle. 
It  is  apt  to  be  extremely  annoying  to  the  patient ;  sometimes  it 
appears  as  a  very  troublesome  sense  of  being  tightly  laced  around 
the  thorax  or  the  abdomen,  combined  with  a  more  or  less  severe 
sense  of  oppression,  or  it  appears  to  the  patient  as  if  lie  were 
enclosed  in  a  tight  coat  of  mail.  But  it  also  not  rarely  occurs  on 
the  extremities,  at  the  knee-  or  ankle-joint,  or  like  a  garter  below 
the  knee.    The  intensity  of  the  sensation  is  very  variable,  fluctu- 

»  Berl.  klin.  Wochenschr.  1875.  No.  51. 
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ating  from  one  day  to  the  next,  but  rarely  rising  to  the  point  of 
severe  pain.  The  most  probable  views  with  regard  to  its  patho- 
genesis have  already  been  given  on  page  75. 

The  statements  of  patients  with  regard  to  the  presence  of 
other  varieties  of  parsesthesia,  which  so  often  occur,  especially, 
in  the  lower  extremities,  are  exceedingly  manifold.  The  most 
common  are  the  feelings  of  formication,  of  numbness,  and  of  in- 
sensibility. One  patient  says  that  he  feels  as  if  he  were  walking 
on  f el  t  soles  or  on  wool,  another  as  if  he  were  walking  on  blad- 
ders filled  with  water,  etc.  A  sensation  of  burning  in  the  skin, 
or  of  cold,  is  also  not  rare.  The  feeling  of  formication  is  not 
rarely  confined  to  circumscribed  spots  in  the  skin  or  to  the  do- 
main of  single  nerves,  as  to  the  thigh,  the  perineum,  or  anus,  etc. 
This  or  a  similar  abnormal  sensation  is  also  especially  frequent 
in  the  ulnar  region  of  the  upper  extremities,  and  I  must,  accord- 
ing to  my  experience,  agree  with  Erdmann  when  he  ascribes  a 
certain  significance  to  this  symptom,  which  so  often  occurs  in  the 
initial  stage  of  the  disease. 

These  forms  of  parjEsthesia  belong  to  the  most  common  man- 
ifestations of  tabes,  and  we  shall  rarely  find  a  case  in  which 
the  one  or  the  other  cannot  be  demonstrated.  They  usually 
appear  in  the  earliest  stages,  and  may  then  change  their  seat  and 
tile  area  of  their  extension  with  the  progress  of  the  disease.  At 
the  same  time  there  is  not  much  that  is  characteristic  about 
them,  as  they  occur  in  so  many  diseases  of  the  spinal  cord.  We 
have  already  expressed  ourselves  with  regard  to  their  pathogene- 
sis on  page  74. 

The  appearance  of  hypercBstJiesia  of  the  sJcin  is  much  more 
rare  in  tabes.  Still,  it  occasionally  takes  place  to  a  high  degree, 
entirely  irrespective  of  the  quite  circumscribed  hyperassthesias 
which  sometimes  accompany  the  lancinating  pains.  Then  large 
regions  of  skin  may  possess  a  special  sensitiveness  over  against 
certain  kinds  or  all  kinds  of  irritation.  I  have  seen  a  man  who 
showed  a  high  degree  of  hypersesthesia  towards  impressions  of 
temperature,  over  the  entire  back,  while  at  the  same  time  there 
was  anfEsthesia  towards  impressions  of  touch.  It  is  also  not  rare 
to  see  a  moderate  paralysis  of  the  sense  of  touch  accompanied 
by  a  high  degree  of  hypertesthesia  towards  impressions  of  pain. 
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The  statements  of  physiologists  with  regard  to  tlie  occurrence 
of  hypersesthesia  in  lesions  of  the  posterior  columns  would  suffi- 
ciently explain  this  manifestation  ;  only  one  would  then  expect 
hyperiesthesia  to  be  much  more  common  in  tabes.  (Compare 
page  73.) 

Anmstliesia  of  the  sJcin  certainly  belongs  to  the  most  regular 
manifestations,  and  to  those  most  carefully  studied  witli  refer- 
ence to  the  theory  of  the  ataxy.  Tlie  possibilities  with  regard  to 
the  occurrence,  the  intensity  and  the  extent  of  this  disturbance, 
are  positively  innumerable.  Almost  every  case  behaves  differ- 
ently in  this  respect. 

-  The  patients  themselves  are  often  unconscious  of  the  anes- 
thesia which  objective  examination  demonstrates  in  them.  Gen- 
erally, however,  they  are  informed  on  the  subject  by  means  of 
various  little  discoveries  which  they  have  made  on  themselves : 
they  no  longer  feel  the  floor  distinctly;  articles  which  they  touch 
seem  to  them  to  be  covered  with  velvet ;  they  cannot  judge  with 
certainty  of  the  temperature  of  a  foot-bath;  they  cannot  hold  on 
to  small  objects  with  their  fingers  if  they  turn  their  eyes  away  ; 
they  can  no  longer  button  their  clothes,  or  tie  a  cravat,  without 
the  looking-glass ;  they  cannot  readily  handle  things  in  their 
pockets  ;  and  more  of  the  same  sort.  If  there  is  a  higher  degree 
of  anaesthesia,  the  patient  is  in  great  doubt,  when  in  the  dark,  as 
to  the  existence  and  position  of  his  legs,  and  he  knows  that  the 
anaesthetic  parts  must  be  taken  hold  of  vigorously  before  they 
recognize  any  sensation. 

A  more  accurate  picture  of  the  kind  and  the  degree  of  anaes- 
thesia can,  however,  only  be  obtained  by  an  objective  examina- 
tion. With  regard  to  the  methods  to  be  employed  in  canying 
this  out  we  have  expressed  ourselves  in  detail  elsewhere,'  and 
would  refer  the  reader  to  what  is  there  said.  By  these  means  we 
can,  first,  recognize  the  most  varied  grades  of  dulness  of  sensi- 
bility, often  such  insignificant  and  circumscribed  disturbances 
: — especially  on  the  soles  of  the  feet,  the  toes,  and  back  of 
the  feet  —  that  they  can  only  be  demonstrated  by  tlie  most 
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careful  examination.  Generally,  however,  we  find  distinct  and 
easily  demonstrable  diminution  of  sensation,  most  marked  in  tlie 
feet  and  legs,  but  also  not  rarely  extending  over  the  thighs,  the 
trunk,  and  even  portions  of  the  upper  extremities.  The  higher 
degrees  of  cutaneous  anaesthesia — such  as  occur,  for  instance,  so 
frequently  in  transverse  myelitis,  in  slow  compression  of  the 
cord,  etc. — are  but  seldom  observed  in  tabes;  even  in  the  latest 
stages  such  severe  anaesthesia  is  an  exception,  and  in  the  earlier 
stages,  even  though  extending  over  many  years,  it  may  be  stated 
as  a  rule  that  the  cutaneous  anaesthesia  only  reaches  a  moderate 
grade. 

On  the  other  hand,  especially  in  the  later  stages,  more  careful 
examination  very  often  reveals  the  existence  ot  partial  paralyses 
of  sensation.  It  would  carry  us  too  far  to  describe  in  detail 
all  the  individual  possibilities  of  these  interesting  disturbances, 
almost  every  case  behaving  differently  in  this  respect.  Suffice  it 
to  say  that  all  possible  combinations  of  partial  paralysis  of  sen- 
sation, such  as  we  have  characterized  on  page  199  of  Vol.  XL, 
occasionally  appear — for,  is  not  tabes  the  very  richest  field  of 
observation  for  these  disturbances  ?  Perhaps  analgesia  occurs 
the  most  frequentl)'- — loss  of  the  sensibility  to  pain  with  retained 
sensibility  to  touch  ;  but  the  reverse  is  also  not  rare  :  retention 
or  even  increase  in  the  sensibility  to  pain,  with  diminution  of 
sensibility  to  all  or  to  some  varieties  of  touch  ;  partial  j^aralysis 
of  the  sense  of  touch  may  be  combined  with  analgesia  or  hyper- 
algesia, or  with  hyperaesthesia  towards  impressions  of  tempera- 
ture, and  the  like.  According  to  Topinard,  sensibility  to  tem- 
perature is,  in  many  cases,  retained  an  unusually  long  time ;  in 
short,  the  individual  cases  present  an  inexhaustible  variety  of 
manifestations. 

At  a  later  period  it  is  not  rare  to  find  a  distinct  retardation 
of  the  conduction  of  sensations,  especially  of  impressions  of  pain, 
as  we  have  already  more  explicitly  set  forth  at  page  70.  This 
manifestation,  which  has  long  been  known,  has  recently  been  more 
accurately  studied  (E.  Remak,  Ostbolf,  Naunyn,  Hei-tzberg)  ;  it 
is  not  rare  in  the  typical  cases,  as  taught  in  the  schools,  and 
may  even  be  found  present  in  the  early  stages  of  the  affection. 
According  to  the  most  recent  observations,  it  at  first  seemed  as 
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tliougli  this  retardation  extended  only  to  tlie  sensation  of  pain, 
a  fact  wliicli  would  stand  in  admirable  accord  with  physiological 
conditions  discovered  by  Schifif ;  indeed,  this  is  by  far  the  most 
frequent  state  of  things.  And  the  statement  of  patients  with  re- 
gard to  the  double  sensation  produced,  for  instance,  by  the  prick 
of  a  needle,  on  account  of  the  normal  rapidity  with  which  the 
sense  of  touch  is  conveyed,  and  the  retardation  of  the  sense  of 
pain,  is  often  very  striking,  being  the  most  so  in  typical  cases  of 
tabes,  and  being  more  frequently  found,  on  careful  examination, 
than  was  hitherto  supposed.  But  this  retardation  is  by  no  means 
always  limited  to  the  sensation  of  pain  ;  in  fact,  Hertzberg  has 
demonstrated  that  in  some  cases  the  sensations  of  touch  and  of 
temperature  are  also  retarded,  although  to  a  far  less  degree  than 
those  of  pain. 

Usually,  in  such  cases,  a  corresponding  re^ar^Za^/oTZ.  o/' re/Zea? 
action  can  also  be  demonstrated ;  likewise,  as  a  rule,  a  strikingly 
long  duration  of,  not  rarely  a  supplementary  increase  in,  the 
sensation  of  pain,  so  that  patients  declare  the  highest  degree  of 
pain  not  to  be  reached  until  several  seconds  after  it  has  begun. 
Intimately  connected  with  this  is  the  inability  to  separate  with 
certainty  and  to  count  several  tactile  impressions  rapidly  follow- 
ing one  another.  These  manifestations,  too,  have  previously  been 
spoken  of. 

Not  less  frequent  than  the  disturbances  of  cutaneous  sensi- 
bility in  tabes,  are  the  anomalies  of  muscular  sensibility,  which, 
long  since  known  and  acknowledged,  have  recently  been  brought 
more  into  the  foreground  by  Leyden.  Here,  too,  the  conditions 
may  vary  much. 

First  of  all,  it  may  be  said  that  the  extreme  feeling  of  fatigue, 
which  is  so  frequent  and  so  annoying  at  the  beginning  of  the  dis- 
ease, may  perhaps  be  nothing  else  than  a  perverse  condition  of 
muscular  sensibility,  a  parsesthesia  of  the  sensitive  nerves  of  the 
muscles.  Spaeth  has  endeavored  to  establish  this  view  ;  I  must 
confess  that  it  appears  to  me  quite  plausible,  notwithstanding 
that  it  is  thus  far  incapable  of  direct  proof.  In  the  same  cate- 
gory with  this  sensation  we  might  probably  also  rank  the  annoy- 
ing feeling  of  disquiet  in  the  limbs  which  arises  on  sitting  or 
lying  still  for  any  length  of  time. 
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But  a  mucti  more  frequent  and  important  manifestation  is 
that  of  diminution  of  mus<mlar  sensibility  which  can,  by  means 
of  the  proper  examination,  be  shown  to  exist  in  persons  suffer- 
ing from  tabes. 

It  is  here  less  a  question  concerning  so-called  muscular  sensi- 
bility, or  electro-muscular  sensibility'  (though  this  may  like- 
wise be  diminished),  or  Concerning  the  so-called  sense  of  power 
[Kraftsinn],  which,  as  Leyden  has  shown,  does  not  hgure  so 
prominently  here,  being  an  essentially  psychical  act,  than  it  is 
a  question  of  the  diminution  of  what  is  called  muscular  sense 
[Muskelsinn],  which  can  very  often  be  demonstrated  in  patients 
with  tabes.  Such  patients  more  or  less  entirely  lose  the  sense  of 
the  position  or  attitude  of  their  lower  extremities  /  in  the  dark 
or  with  closed  eyes  they  do  not  know  where  their  legs  are,  how 
they  lie,  whether  they  are  crossed,  or  how  far  apart  from  one 
another  they  are.  If  one  leg  is  passively  placed  in  a  certain  po- 
sition and  the  patient  is  asked  to  put  the  other  in  the  same  po- 
sition, he  cannot  succeed  in  doing  this  at  all,  or  but  very  imper- 
fectly, while  a  well  person  can  do  it  with  the  greatest  precision. 
These  patients  have  likewise  lost  control  over  the  extent  and  the 
direction  of  the  movements  required  of  thevi,  if  they  are  to  exe- 
cute these  in  the  dark  or  with  closed  eyes.  Their  movements  are 
thus  rendered  uncontrolled,  excessive,  shooting  far  over  the  mark 
or  wide  of  it.  This  is  generally  mistaken  for  an  increase  in  the 
ataxy  which  is  commonly  present.  On  careful  observation,  how- 
ever, it  is  easy  to  recognize  that  the  true  ataxic  disturbances  of 
motion  are  not  essentially  changed,  that  it  is  not  the  uncertainty 
of  movement  that  is  increased,  not  the  zigzag  character  of  the 
gait  when  the  eyes  are  closed,  but  merely  that  the  patient  is 
uncertain  with  regard  to  the  direction  of  the  motion  to  be  under- 
taken, and  does  not  know  when  he  has  reached  the  limit  of  the 
required  movement.  Tiiese  two  things  are  to  be  sharply  dis- 
tinguished from  one  another. 

Finally,  such  patients  have  more  or  less  completely  lost  the 
sensation  which  judges  of  passive  movements  of  the  limbs.  If 
the  appropriate  tests  are  made,  according  to  the  method  given 
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on  page  67,  it  will  be  found  that  niucli  more  extensive  move- 
ments are  required  tlian  in  a  well  person  in  order  to  produce  any 
sensation  thereof,  and  that  patients  are  very  much  mistaken 
with  regard  to  the  direction  and  the  degree  of  the  movements. 
In  fact,  it  will  be  found,  in  the  severer  cases,  that  in  certain  joints 
such  passive  movements  cannot  be  felt  at  all,  and  that,  when 
their  eyes  are  closed,  patients  are  in  absolute  uncertainty  as  to 
the  position  in  which  their  limbs  have  been  placed. 

All  these  disturbances  sometimes,  though  much  more  rarely, 
occur  in  the  upper  extremities  as  well. 

It  does  not  need  to  be  specially  insisted  on,  that  it  is  not  the 
sensitive  nerves  of  the  muscles  alone  which  are  to  be  held  re- 
sponsible for  these  disturbances,  but  that  the  sensitive  nerves  of 
the  joints,  the  tendons,  ligaments,  fascijB,  and  in  part  of  the 
skin  also,  must  take  part,  if  the  group  of  disturbances  above 
described  is  to  be  brought  about. 

So  far  as  concerns  the  occurrence  of  anaesthesia  in  tabes,  the 
statements  of  different  authors  widely  disagree.  While  Lej^den 
regards  anaesthesia  (cutaneous  and  muscular)  as  a  very  constant 
symptom,  and  is  even  inclined  to  believe  in  its  existence  where 
good  and  reliable  observers  have  been  unable  to  demonstrate  it, 
a  large  proportion  of  other  authors  are  of  the  opinion  that  while 
cutaneous  and  muscular  anaesthesia  belong  to  the  very  frequent, 
they  are  by  no  means  among  the  constant  symptoms  of  tabes. 
Topinard,  for  instance,  in  109  cases,  found  cutaneous  anaesthesia 
76  times  distinctly,  15  times  very  lightly,  and  18  times  not  at 
all  ;  and  among  50  cases  thiat  contained  statements  on  the 
subject,  muscular  anaesthesia  20  times  to  a  high  degree,  8  times 
slightly,  and  22  times  not  at  all.  Friedreich  has  repeatedly  and 
quite  recently  described  cases  of  intense  sclerosis  of  the  posterior 
columns  in  which  the  most  accurate  and  exhaustive  tests  of  sen- 
sibility, in  all  directions,  have  failed  to  show  the  slightest  trace 
of  cutaneous  or  muscular  anaesthesia,  at  least  during  very  long 
periods  of  the  well-developed  disease.  I  too  must  express  the  con- 
viction, founded  on  my  own  experience  and  special  investigation 
directed  to  this  point,  that — though  they  may  be  rare — there  are 
cases  of  well-pronounced  tabes  in  wJiicli  every  sort  of  disturb- 
ance of  cutaneous  or  muscular  sensibility  is  lacking,  or,  at  all 
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events,  cannot  be  recognized  on  the  most  careful  investigation, 
while  in  such  cases  the  highest  degree  of  ataxy  may  be  present. 

In  the  remaining,  much  more  frequent  cases,  which  certainly 
constitute  the  rule,  the  anaisthesia  appears  at  very  variable  peri- 
,ods  in  the  course  of  the  disease.  It  is  rare  for  a  distinct,  objec- 
tively demonstrable  anaesthesia  to  be  present  in  the  initial  stage ; 
it  generally  does  not  appear  till  the  beginning  of  the  second 
stage.  Topinard  asserts  outright  that  the  cutaneous  anj^esthesia 
always  appears  simultaneously  with  or  after  the  ataxy,  never 
before  it — a  declaration  which  we  cannot  entirely  subscribe  to. 
During  the  further  progress  of  the  disease  the  anaesthesia  may 
gradually  increase  in  intensity  and  extent,  so  that,  during  the 
later  periods,  at  least  the  feet  and  legs  below  the  knee  may  be- 
come almost  completely  aneesthetic.  Still,  this  is  subject  to  the 
greatest  variation  in  individual  cases. 

Notwithstanding  the  assertion  of  Leyden  that,  on  careful 
examination,  a  dulness  of  cutaneous  or  muscular  sensibility,  or 
of  both,  can  regularly  be  demonstrated,  corresponding  to  the  de- 
gree of  ataxy  present,  I  must,  on  the  strength  of  my  own  obser- 
vations, subscribe  to  the  opinion  of  numerous  other  observers : 
that,  in  'patients  who  Jiave  tabes,  there  is  not  emn  an  approxima- 
ti'oely  constant  relation  between  the  degree  of  ataxy,  and  the 
degree  of  cutaneous  or  muscular  ancBsthesia.  In  the  typical 
and  more  frequent  cases,  it  is  true,  both  forms  of  disturbance  are 
usually  very  well  marked ;  but,  aside  from  these  there  are  numer- 
ous other  cases  of  tabes  in  which  there  is  a  high  degree  of  ataxy 
and  only  a  very  slight  disturbance  of  sensibilit3^  and  still  others 
with  well-pronounced  disturbances  of  sensibility  and  but  very 
slight  ataxy. 

The  question  of  the  pathogenesis  of  all  these  disturbances  of 
sensibility,  as  regards  the  anatomical  basis  of  the  same,  is  gen- 
erally answered  on  the  supposition  that  the  gray  degeneration 
of  the  posterior  columns  and  posterior  roots  is  abundantly  suffi- 
cient to  explain  the  disturbances  ot'  sensibility  here  found.  But 
the  proof  of  this  is  not  adduced.  Serious  doubts  on  the  subject 
are  aroused  by  the  not  unfrequent  cases  in  which  the  highest  de- 
gree of  gray  degeneration  of  the  posterior  columns  has  been 
found,  without  any  considerable  disturbance  of  sensibility  ;  by 
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the  experience  of  secondary  ascending  degeneration  oE  the  poste- 
rior columns  ;  by  the  physiological  facts,  which  indicate  with  all 
certainty  that  a  lesion  of  the  gray  matter  of  the  cord  always  lies 
at  the  foundation  of  retardation  in  the  conduction  of  sensations  ; 
by  the  investigations  of  Woroschiloff,  which  show  that  the  late-, 
ral  columns  take  an  essential  part  in  the  conduction  of  sensory 
impressions.  This  is  not  the  proper  place  further  to  enlarge 
upon  and  to  defend  these  doubts  ;  but  it  does  appear  proper  to 
state  that  gray  degeneration  of  the  posterior  cord  does  not  seem 
to  us  to  furnish,  with  certainty,  sufficient  ground  for  the  disturb- 
ances of  sensibility  in  tabes.  We  are  more  disposed  to  conjec- 
ture that  wherever  there  are  profounder  disturbances  of  sensi- 
bility, retardation  of  conduction,  etc.,  the  gray  substance  (posterior 
horns)  jDrominently  participates  in  the  anatomical  changes.  This 
point,  however,  as  well  as  the  degree  of  possible  participation  of 
the  lateral  columns  in  the  causation  of  sensitive  disturbances, 
must  be  left  to  be  determined  by  further  careful  investigations. 

It  may  be  permissible  here  to  treat  at  once  of  a  symptom 
which  seems  to  us  to  stand  in  intimate  relations  to  the  disturb- 
ances of  sensibility,  and  which,  by  the  frequency  of  its  occur- 
rence, and  through  the  authority  of  Romberg,  has  acquired  great 
importance  in  the  clinical  history  of  tabes,  viz.,  the  patienVs 
sioaying  and  falling  to  the  ground  on  closing  7iis  eyes.  This 
belongs  to  the  most  constant  and  regular  symptoms  of  tabes. 
Still,  there  are  exceptions  even  to  this  ;  cases  in  which,  with  the 
highest  degree  of  ataxy,  there  is  no  swaying  on  closing  the  &ye^, 
or  at  least  the  swaying  which  does  exist  is  not  aggravated 
thereby  ;  there  are  always  cases  in  which  there  is  an  entire  ab- 
sence of  any  disturbances  of  sensibility.  We  have  alread}''  spo- 
ken of  this  manifestation  in  detail  previously  (page  93),  and 
endeavored  to  demonstrate  its  intimate  connection  with  the  dis- 
turbances of  sensibility.  This  symptom  will  never  be  found 
lacking  where  there  are  distinct  disturbances  of  sensibility  in  the 
lower  extremities.  To  be  sure  it  also  occurs,  at  least  in  its  light- 
est forms,  in  not  a  few  cases  in  which,  as  yet,  no  disturbance  of 
sensibility  can  be  objectively  demonstrated.  We  are  therefore 
disposed  to  regard  swaying  on  closing  the  eyes,  as  the  first  and 
lightest  symptom  of  a  diminution  in  the  so-called  muscular  sen- 
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sibility,  which  is  not,  as  yet,  otherwise  objectively  demonstrable. 
Inasmuch  as  constant  sensory  impressions  coming  from  the 
periphery  are  necessary  for  the  maintenance  of  the  equilibrium 
and  the  position  of  the  body  in  space,  it  is  just  in  this  very  dis- 
turbance of  equilibrium  (in  swaying)  that  the  least  disturbance 
of  these  centripetal  currents  is  noticed  the  soonest.  At  all  events, 
we  must  adhere  to  the  opinion  that  this  symptom  does  not  stand 
in  closer  relation  to  the  symptom  of  ataxy. 

Disturbances  of  Motility. 

The  most  important  among  the  symptoms  belonging  here,  and 
the  one  most  thoroughly  discussed,  is  unquestionably  the  ataxy ^ 
the  distiLrhance  of  co-ordination,  of  tabes. 

The  characteristics  of  this  disturbance  of  motility  are  that  the 
certainty  and  precision  of  movements,  especially  of  all  combined 
and  complicated  movements,  is  naturally  diminished,  while  the 
strength  of  individual  movements  and  the  certainty  of  the  simplest 
movements  is  not  at  all,  or  but  very  slightly  diminished.  What 
we  have  here  is  a  disturbance  in  the  co  ordination  of  movements, 
and  not  a  true  paralysis.  Notwithstanding  the  frequency  with 
which  an  unmistakable  diminution  even  of  gross  motor  power, 
and  especially  of  endurance,  can  be  demonstrated  in  tabes,  still  . 
this  paresis  is  by  no  means  the  typical  feature  in  the  picture  of 
the  disease.  In  all  typical  cases  the  true  disturbance  of  co-ordi- 
nation certainly  stands  very  much  in  the  foreground  as  compared 
to  the  paresis,  and  the  amount  of  the  disturbance  of  co-ordina- 
tion is  out  of  all  proportion  greater  than  that  of  any  paralysis 
that  may  be  present.  Ataxy,  and  not  paralysis,  is  tlie  essential 
and  characteristic  disturbance  of  motion  in  tabes. 

The  method  of  appearance  of  the  ataxy  is,  in  the  great  ma- 
jority of  instances,  the  same.  The  disturbance  almost  always 
begins  in  the  loioer  extremities.  In  the  lightest  grades  the  ex- 
perienced eye  notices  a  certain  unsteadiness  and  irregularity  in 
tlie  gait ;  the  steps  grow  somewhat  uneven,  the  position  of  the 
feet  somewhat  irregular;  more  difficult  movements  betray  a 
higher  degree  of  insecurity;  rapid  swerving  to  the  right  or  left, 
quick  turning  around,  are  accompanied  with  distinct  swaj^ing ; 
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tlie  patient  finds  greater  difficulty  in  running  and  hopping,  climb- 
ing stairs,  stepping  iipon  a  stool,  walking  on  a  crack,  walking 
on  a  waxed  floor,  etc.  ;  not  unfrequently  they  complain  of  an 
aggravation  of  all  these  troubles  at  evening,  in  the  dark,  or  when 
they  shut  their  eyes.  No  material  disturbance  is  as  yet  noticeable 
in  standing  ;  only  in  standing  with  closed  eyes  is  there  a  slight 
degree  of  swaying,  the  patient  quickly  grows  uncomfortable,  or 
slight  twitching  movements  of  the  anterior  muscles  of  the  leg  may 
set  in.  Standing  on  one  foot  grows  very  uncertain,  and  soon  im- 
possible. On  lying  down,  however,  all  movements  generally  seem 
as  yet  altogether  quiet  and  secure,  and  are  commonly  also  per- 
formed without  any  material  diminution  in  gross  strength. 

Soon,  however,  the  disturbance  reaches  a  Idgher  grade ;  now 
the  movements  of  walking  grow  quite  unstead}^,  excessive,  and 
are  executed  with  a  flinging  motion  ;  the  toe  of  the  foot  is  flung 
forward  and  outward  with  a  brisk  motion,  the  heel  is  brought  to 
the  ground  with  a  stamp,  the  knee  is  held  as  stiff  as  possible, 
and  generally  the  patient  is  seen  to  follow  the  movements  of  his 
feet  sharply  with  his  eyes,  his  glance  directed  to  the  ground. 
The  gait  is  thereby  rendered  to  a  high  degree  shaky,  insecure, 
reeling,  the  steps  quite  uneven  and  jerky ;  the  line  pursued  in 
walking  is  irregularly  zigzag. 

The  disturbance  now  also  makes  itself  more  distinctly  notice- 
able in  standing ;  patients  sway  and  oscillate  to  and  fro,  espe- 
cially if  they  are  made  to  stand  with  their  feet  together ;  back- 
ward movements  of  the  legs  and  trunk  disturb  the  equilibrium  ; 
that  form  of  ataxy  has  been  reached  which  Friedreich  has  of  late 
very  appropriately  designated  as  static  ataxy,  and  has  set  up 
over  against  locomotor  ataxy.  The  former  is  made  manifest  dur- 
ing the  quiet  fixation  of  the  extremities  or  the  trunk,  such  ns  is 
required  for  the  quiet  stretching  out  of  an  arm,  the  quiet  holding 
up  of  a  leg,  or  in  sitting  and  standing  ;  the  latter  occurs  during 
the  execution  of  movements  of  the  trunk  or  extremities,  and 
represents  a  lighter  grade  of  ataxy  ;  static  ataxy  appears  only  in 
the  later  stages  and  in  advanced  disturbances. 

But  now,  even  movements  performed  when  ly'mg  down,  and 
which  are  comparatively  simple,  also  become  distinctly  ataxic, 
and  it  is  precisely  the  study  of  these  movements  which  I  consider 
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as  especially  calculated  to  insure  a  correct  insight  into  the  true 
essence  of  ataxic  disturbances  of  motion.  The  patients  are  un- 
able to  touch  an  object  held  before  them  by  means  of  a  quiet  and 
uniform  movement  of  the  tip  of  the  foot,  but  the  line  of  motion 
executed  is  an  ii-regular,  zigzag  line  ;  simple  raising  of  the  leg  oc- 
curs in  a  similar  line,  rendered  irregular  by  brisk  side  movements  ; 
the  leg  which  has  been  lifted  falls  back  upon  the  bed  at  a  point 
more  or  less  remote  from  its  former  position ;  instead  of  describing 
a  circle  with  the  tip  of  the  foot,  as  the  patient  intends  to  do,  he  de- 
scribes quite  an  irregular  figure  with  a  zigzag  outline ;  it  thereby 
becomes  evident  that  the  direction  of  movement  in  general  is 
retained,  but  that  a  straight  or  uniformly  curved  line  has  become 
an  irregular  and  zigzag  line.  Patients  are  unable  to  execute  any 
quiet  and  steady  movements,  and  even  the  simplest  motions  are 
executed  in  a  jerky  and  abrupt  manner.  In  many  cases  this 
becomes  much  more  distinct  if  the  same  movements  are  required 
to  be  made  with  closed  eyes  ;  but  this  is  only  true  when  there  is 
a  simultaneous  disturbance  of  sensibility,  especially  when  there 
is  muscular  anaesthesia;  to  the  ataxy  there  is  then  added  un- 
certainty with  regard  to  the  direction  and  the  degree  of  motion 
required,  which  thereby  becomes  quite  excessive  and  uncon- 
trolled. In  those  cases,  however,  in  which  sensibility  is  entirely 
intact,  it  is  easy  to  demonstrate  that  the  ataxy  is  either  not  at  all 
influenced  by  closing  the  eyes,  "or  but  very  slightly  increased. 
And  in  all  cases  that  are  at  all  extreme  it  can  be  shown  that  the 
most  careful  control  on  the  part  of  the  eyes  is  not  capable  of 
doing  away  with  the  actual  ataxy  of  motion. 

In  the  highest  grades  of  ataxy,  finally,  it  becomes  entu-ely 
impossible  for  patients  to  stand  or  walk.  The  legs  find  no  sup- 
port, slip  out  in  every  direction  ;  left  to  themselves  such  persons 
at  once  fall  to  the  ground  ;  if  they  are  allowed  to  make  attempts 
at  standing  or  walking,  supported  on  either  side,  their  legs  fly 
around  in  the  air,  widely  and  confusedly,  are  thrown  in  this  and 
that  direction  by  all  kinds  of  irregular,  paroxysmal  movements 
not  subject  to  the  control  of  the  will,  and  are  incapable  of  giving 
the  least  support  to  the  body.  In  wonderful  contrast  hereto, 
even  in  these  cases,  is  sometimes  the  strength  with  which  certain 
movements  can  be  executed,  and  the  energy  with  which  limbs, 
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which  are  utterly  useless  for  standing  or  walking,  can  offer  re- 
sistance to  attempts  at  passive  motion.  In  spite  of  this,  such 
patients  are  utterly  helpless  and  are  condemned  to  a  permanent 
sitting  or  lying  posture. 

The  ataxy  is  liable  to  appear  much  later  in  the  upper  extrem- 
ities than  in  the  lower  ;  it  seldom  attains  such  a  high  grade  here, 
and — on  account  of  the  different  method  of  using  the  upper  ex- 
tremities— appears  in  a  somewhat  modified  form.  In  the  more 
frequent  typical  cases  of  tabes,  ataxy  of  the  upper  extremities 
belongs  to  the  more  rare  and  certainly  to  the  very  late  manifes- 
tations ;  just  the  contrary  appears  in  those  cases  belonging  to 
the  group  described  by  Friedreich ;  in  these,  ataxy  of  the  upper 
extremities  appears  very  soon  after  that  of  the  lower,  or  almost 
simultaneously  therewith. 

It  manifests  itself  earliest  in  the  innumerable  more  delicate 
acts  in  which  we  use  our  hands  :  in  writing,  playing  the  piano,  ty- 
ing a  cravat,  buttoning  clothing,  drawing,  cutting,  etc.  All  these 
movements  become  more  and  more  uncertain,  difficult,  irregular, 
the  more  so  if  they  have  to  be  carried  out  without  the  guidance 
of  the  eyes.  At  a  later  stage  the  simpler  movements  also  become 
impeded,  irregular,  ataxic ;  here,  too,  it  again  appears  that  the 
disturbance  consists  essentially  in  the  transformation  of  rectili- 
near directions  of  movement  into  movement  in  irregular,  zigzag 
lines.  If  these  patients  are  asked  to  touch  an  object  held  before 
them,  with  the  tip  of  one  of  their  fingers,  they  will  shoot  past  the 
mark,  and  only  reach  it  after  repeated,  irregular  swaying  to  and 
fro  in  front  of  it.  This  is  particularly  marked  if  they  are  requu-ed 
to  hold  their  two  forefingers  at  a  considerable  distance  apart  and 
then  bring  them  together  with  tolerable  rapidity  so  that  the  two 
tips  shall  touch  one  another ;  here  the  ataxy  stands  forth  in  a 
striking  manner.  Not  less  characteristic  is  the  disturbance  of 
co-ordination  in  reaching  for  an  object  held  before  them  ;  this  is 
only  reached  by  a  roundabout  way  and  with  jerky  interruptions  ; 
at  the  moment  when  the  fingers  are  about  to  reach  it  they  are 
spread  out  again,  and  the  whole  act  of  grasping  is  performed  in 
an  uncertain,  blind  sort  of  way  ;  finally,  in  attempts  to  draw 
figures  in  the  air  with  the  forefinger,  a  circle,  numbers,  a  cross, 
etc.,  the  ataxy  also  stands  forth  very  prominently — all  the  out- 
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lines  are  irregular  and  zigzag.  This,  too,  becomes  more  so  on 
closing  the  eyes,  but  only  when  disturbances  of  sensibility  are 
present  at  the  same  time. 

At  a  later  period  there  may  also  be  static  ataxy  in  the  upper 
extremities,  as  it  has  been  strikingly  depicted  by  Friedreich. 
Patients  can  no  longer  hold  their  arms  still  when  stretched  out 
horizontally,  without  the  occurrence  of  slight  backward  move- 
ments of  the  same  and  of  the  hand ;  they  can  no  longer  exert 
uniform  pressure  with  their  hands,  etc. 

In  the  highest  grades,  finally,  the  hands  become  entirely  use- 
less for  all  the  acts  of  daily  life ;  patients  can  no  longer  dress 
themselves,  can  no  longer  carry  a  spoon  or  glass  to  their  lips,  they 
can  hold  nothing — in  short,  they  are  as  good  as  completely  de- 
prived of  the  use  of  their  upper  extremitiss,  although  here  too, 
as  a  rule,  the  muscles  are  still  for  a  long  time  capable  of  a  sur- 
prising development  of  strength. 

But  the  ataxy  does  not  always  confine  itself  to  the  extremi- 
ties. Occasionally  that  harmonious  working  together  of  the  mus- 
cles of  the  trunk  is  also  disturbed  which  is  requisite  for  main- 
taining the  balance  in  standing  and  sitting,  and  the  body  makes 
irregular  swaying  movements  ;  ataxy  of  the  muscles  of  the  neck 
disturbs  the  quiet  position  of  the  head,  which  falls  into  irregular 
shaking  and  swaying.   Thus  in  the  cases  described  by  Friedreich. 

The  same  observer  has  formerly,  as  well  as  recently  again, 
described  disturbances  of  speech  and  of  the  movements  of  the 
eyes  which  may,  without  forcing  things  at  all,  be  regarded  as 
ataxic,  and  the  existence  of  which  has  been  established  by  Fried- 
reich in  a  whole  series  of  cases.  The  disturbance  of  speech  be- 
trays itself  first  as  a  somewhat  indistinct  pronunciation  of 
words ;  afterwards  in  the  form  of  an  irregular,  stuttering  inter- 
ruption of  speech.  It  decidedly  does  not  take  the  form  of  delib- 
erate measured  speech,  for  often  whole  sentences  are  uttered 
rapidly  and  then  there  is  a  slight  stuttering,  and  this  is  repeated 
in  quite  an  irregular  manner,  while  at  the  same  time  the  volun- 
tary movements  of  the  tongue  and  lips  are  apparently  quite 
undisturbed.  In  the  highest  grades  this  disturbance  may  be- 
come so  extreme  that  speech  is  almost  incomprehensible  on  ac- 
count of  the  bad  articulation. 
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Ataxy  shows  itself  in  tlie  movements  of  tlie  eyes  as  a  form  of 
nystagmus,  wliich  appears  on  attempting  to  fix  the  eye  on  an 
object  held  at  rest,  or  to  follow  a  moving  object ;  a  nystagmus 
which  is  independent  of  disturbances  of  vision  and  affections  of 
the  refracting  media,  and  which  is  entirely  absent  when  the  eye 
is  at  rest  and  no  attempt  is  made  to  fix  it  upon  an  object.  The 
greater  and  more  numerous  the  movements  requisite  for  fixing 
the  eye  on  and  following  an  object  of  vision,  the  more  distinct 
and  pronounced  will  be  the  appearance  of  the  nystagmus,  in  the 
form  of  twitching  movements  of  the  eyeball,  which  do  not  fol- 
low one  another  with  the  rapidity  of  these  movements  in  ordi- 
nary nystagmus,  and  which  take  place  principally  in  the  trans- 
verse direction,  but  occasionally  also  in  every  other  direction. 
We  cannot  but  concur  entirely  in  Friedreich's  designation  of 
these  movements  as  being  ataxic ;  they  differ  from  the  move- 
ments of  ordinary  nystagmus  partly  by  their  being  independent 
of  diseases  of  the  eye,  partly  by  the  fact  of  their  following  one 
another  with  less  rapidity,  and  partly  in  their  occurrence  exclu- 
sively during  movements  of  fixation. 

The  occurrence  of  these  ataxic  disturbances  in  the  cranial 
nerves  certainly  constitutes  one  of  the  greatest  rarities  in  the 
clinical  picture  of  tabes  ;  as  far  as  our  knowledge  goes,  thus  far, 
it  appears  to  be  confined  to  the  peculiar  cases  of  sclerosis  of  the 
posterior  columns  described  by  Friedreich,  and  which  will  be 
given  more  fully  farther  on.  In  the  typical  forms  of  tabes  these 
disturbances  seem  to  occur  rarely  or  never,  in  characteristic  con- 
trast to  the  conditions  obtaining  in  multiple  sclerosis,  as  set  forth 
in  a  previous  section. 

But  little  is  known  with  regard  to  ataxy  in  the  domain  of  the 
other  cranial  nerves,  especially  the  facial  nerve,  in  tabes.  In 
some  few  cases  grimacing  movements  of  the  face  have  been  ob- 
served. But  at  all  events  these  are  amongst  the  greatest  rarities. 

After  the  description  given  above,  and  if  one  has  once  care- 
fully observed  a  series  of  tabes  cases,  it  Avill  not  be  easy  to  con- 
found ataxy  with  any  other  disturbance  of  motion.  Nevertheless 
in  some  instances  difficulties  may  arise.  Some  cases  of  cliorea, 
in  particular,  may  easily  be  mistaken  therefor,  and  yet  this  is 
only  because  superficial  observation  sometimes  reveals  a  remote 
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similarity  between  the  two  forms  of  motor  disturbance.  For 
more  accurate  observation  at  once  shows  striking  differences 
between  them.  Let  any  one  read  the  admirable  description  of 
choreic  movements  given  by  von  Ziemssen  (this  Cyclopaedia,  Vol. 
XII.),  and  he  will  not  doubt  for  a  moment  that  it  is  here  by  no 
means  a  question  of  ataxy,  but  true  cramp.  Friedreich  has 
again  recently  drawn  a  sharp  line  of  distinction  between  the  two 
forms  of  motor  disturbance  :  ataxy  appears  only  during  volun- 
tary movements,  and  ceases  during  rest ;  choreic  twitchings  con- 
tinue also  during  complete  rest  of  the  body,  and  they  only 
incidentally  disturb  the  otherwise  quite  well  co-ordinated  volun- 
tary movements ;  choreic  twitchings  almost  always  affect  also 
the  face  and  the  tongue,  ataxic  disturbance  does  this  but  seldom, 
and  then  only  in  a  subordinate  manner.  We  would  add  that  in 
ataxy  a  certain  definite  movement  (taking  hold  of  things,  walk- 
ing, etc.),  whenever  it  is  repeated,  is  always  disturbed  in  about 
the  same  way,  while  choreic  twitchings  have  something  entirely 
accidental  and  irregular  about  them,  and  form  a  picture  of  motor 
disturbance  of  a  constantly  and  strikingly  changeable  type.  Of 
course,  the  other  accompanying  manifestations  would  also  not 
readily  permit  us  to  confound  ataxy  with  chorea. 

Nor  will  ataxy  be  easily  mistaken  for  the  tremor  of  multiple 
sclerosis  to  which  we  have  already  explicitly  referred  (page  100). 
In  this  tremor  there  are  regular  oscillations  in  the  line  of  move- 
ment ;  in  ataxy  there  are  quite  irregular  zigzag  movements,  which 
by  no  means  make  the  impression  of  a  tremor.  Still,  it  must  not 
be  forgotten  that  both  disturbances  may  occur  alongside  of  one 
another,  as  is.  Indeed,  not  rarely  the  case  in  multiple  sclerosis. 

Less  likely  yet  is  ataxy  to  be  confounded  with  the  tremor  of 
paralysis  agitans.  The  very  manner  of  this  tremor,  which 
moves  in  very  small  oscillations,  positively  forbids  this  mistake. 
Added  to  this  is  the  fact  that  the  patient  afflicted  with  paralysis 
agitans  can,  for  a  very  long  time,  still  execute  voluntary  move- 
ments with  great  precision  and  without  trembling,  while  ataxy 
only  arises  during  voluntary  movements,  and  is  absent  during 
rest. 

The  appearance  of  ataxy  almost  always  occurs  at  a  period  of 
time  more  or  less  removed  from  the  beginning  of  the  disease, 
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after  having  been  preceded  by  tlie  symptoms  of  the  initial  period 
for  months  and  years,  sometimes  many  years.  Indeed,  we  are 
ordinaril}'^  accustomed  to  reckon  the  beginning  of  the  second 
stage  from  the  time  of  the  appearance  of  ataxy.  Still,  this  varies 
in  different  cases ;  the  disturbance  arises  with  very  varying  rapid- 
ity, and  ataxy  may  even  figure  among  the  earliest  symptoms,  or 
even  be  the  first  and  for  a  long  time  the  onl}^  symptom  of  the 
disease,  as  in  several  cases  described  by  Friedreich.  But  for  the 
ordinary  typical  cases  the  rule  holds  good  that  ataxy  does  not 
appear  until  after  various  initial  symptoms  have  existed  for 
months  or  even  for  years.  It  must  still  be  regarded  as  question- 
able whether  the  cases  of  "acute  ataxy,"  described  by  a  num- 
ber of  observers,  or  those  ataxic  disturbances  observed  after  acute 
diseases  (diphtheria,  typhus,  variola,  etc.),  and  which  are  gener- 
ally developed  with  striking  rapidity,  are  really  to  be  accounted 
as  true  tabes. 

Grreat  difficulty  has  for  a  long  time  been  experienced  in  arriv- 
ing at  a  patliogenetic  explanation  of  the  symptom  of  ataxy. 
Innumerable  attempts  at  an  explanation  have  been  set  up,  the 
most  various  hypotheses  have  been  defended  with  more  or  less 
of  spirit  and  of  good  fortune,  and  discussions  with  regard  to  the 
"  theory  of  tabes"  have  hinged  only  too  much  on  the  theory  of 
the  symptom,  "ataxy."  It  would  lead  us  much  too  far  to  enter 
into  a  full  discussion  and  explanation  of  these  interesting  points 
of  dispute. 

We  have  already  at  a  previous  place  (p.  83  et  seq.)  entered 
somewhat  minutely  into  this  question,  and  have  endeavored 
to  make  clear  the  method  of  origin  of  spinal  ataxy.  After  ma- 
turely weighing  the  various  views,  vp-e  came  to  the  conclusion, 
based  upon  the  facts  thus  far  ascertained  and  supported  by  nu- 
merous investigations  of  our  own,  that  the  ataxy,  in  tabes,  can  hy 
no  means  he  made  dependent  upon  the  disturbance  of  sensil)ility 
which  may  happen  to  coexist,  but  that  it  must  rather  depend 
upon  a  disturbance  of  co-ordinatory  tracts  lying  within  the 
spinal  cord ;  that  it  is  therefore  a  '■^ motor  ataxy. 

To-day  we  have  but  little  to  add  to  the  explanations  there 
given,  and  we  have  nothing  to  take  back  of  the  views  there  ex- 
pressed, in  spite  of  the  explicit  defence  which  has,  in  the  mean- 
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time,  been  put  forth  by  Leyden,  whereby  he  endeavors  to  uphold 
his  former  theory.  On  the  contrary,  we  are  only  confirmed  in 
our  opinion  by  renewed  study  of  the  literature  of  the  subject  and 
accurate  observation  of  new  cases,  so  that  we  have  no  doubt  that 
the  ataxy  in  tabes  is  not  at  all,  or  at  least  in  but  a  very  unim- 
portant manner,  influenced  by  the  disturbance  of  sensibility. 

In  the  meantime  Friedreich  has  also  opened  up  the  question 
anew  in  a  thorough  and  admirable  work,  has  refuted  Leyden's 
view,  and  has  thoroughly  fortified  his  own  opinion,  which  is  to  the 
effect  that  the  immediate  cause  of  ataxy  does  not  lie  in  a  disturb- 
ance of  sensibility,  but  that  it  must  rest  upon  a  disturbance  of 
co-ordinatory  tracts  within  the  spinal  cord. 

It  only  remains  for  us  here  to  introduce  to  the  reader  a  few  of 
the  most  prominent  advocates  of  different  views,  so  as  briefly  to 
render  him  familiar  with  the  various  attempts  a:  the  explanation 
of  ataxy.  In  so  doing,  we  can  only  permit  ourselves  a  very  brief 
criticism  of  the  same. 

A  whole  group  of  authors,  being  led  thereto  by  the  anatomical  conditions  found, 
which  in  the  main  show  disease  of  the  posterior  roots  and  the  posterior  columns, 
and  by  the  physiological  investigations  which  assign  to  these  parts  only  sensitive 
functions,  or  at  least  only  the  function  of  centripetal  conduction,  seek  the  causes  of 
ataxy  in  a  disturbance  of  the  sensitive  functions,  or  at  least  in  a  disturbance  of  the 
centripetal  excitation  which  is  conducted  through  the  posterior  roots. 

A  part  of  these  authors  seek  the  causes  of  ataxy,  independently  of  the  disturb- 
ances of  conscious  sensation,  in  a  disturiance  of  the  reflex  activity  within  the  spinal 
cord.  Thus,  according  to  Jaccoud,  the  ataxy  depends  in  part  upon  a  disturbance 
of  the  cutaneous  and  muscular  sensibility,  and  rejaresents  an  anomaly  of  sinnal 
motor  irradiation  and  of  siiinal  reflex  action. 

According  to  Carrg,  ataxy  is  independent  of  conscious  sensibility,  but  depend- 
ent upon  disturbances  of  reflex  activity,  upon  conscious  sensibility. 

Cyon  regards  co-ordination  as  taking  place  through  a  reflex  process  within  the 
spinal  cord ;  disturbances  of  this  reflex  process  call  forth  ataxy.  The  diminution 
in  the  excitation  which  is  conducted  through  the  posterior  roots  causes  a  sinking 
in  the  excitability  of  the  motor  nerves,  and  thus  calls  forth  irregular,  flinging,  ex- 
cessive movements,  because  the  patient  applies  too  strong  impulses  of  the  will. 

Benedict  set  up  a  theory  of  his  own,  on  the  basis  of  certain  experiments  of  Har- 
Icss.  the  correctness  of  which  has  with  justice  been  challenged.  Harless  found, 
namely,  that  section  of  the  posterior  roots  lowered  the  excitability  of  the  mixed 
nerves  belonging  thereto,  as  he  believes  through  the  loss  of  a  centripetal  excitation, 
which  is  conducted  through  the  posterior  roots.  According  to  Benedict,  the  ataxy 
n')w  takes  place  througii  the  failure  of  the  regulating  influence  of  the  spinal  cord, 
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■wMch  is  exercised  upon  the  periphery  through  the  medium  of  the  posterior  roots. 
He  considers  the  ataxy  as  indejDendent  of  the  perception  of  peripheral  sensitive  ex- 
citation. 

Great  doubt  is  thrown  upon  all  these  views,  first,  by  the  opinion  established  by 
G-oltz  and  others,  that  the  centres  for  the  co-ordination  of  movements,  for  the  main- 
tenance of  the  equilibrium  and  the  locomotion  of  the  body,  do  not  lie  in  the  spinal 
cord  at  all,  but  higher  up.  To  be  sure  it  may  be  conceded  that  the  proof  of  this 
opinion,  at  least  with  regard  to  the  human  spinal  cord,  is  not  entirely  conclusive ; 
at  the  same  time  it  is  to  a  high  degree  probable  that  the  actual  processes  of  co- 
ordination, which  regulate  voluntary  activity,  do  not  take  j)lace  in  the  spinal  coi-d 
at  all.  li  the  spinal  cord  were  really  possessed  of  the  co-ordinatory  functions 
ascribed  to  it,  then — as  was  correctly  urged  against  the  views  of  Jaccoud — a  de- 
capitated animal  ought  to  be  able  to  stand,  or,  having  once  been  started  in  walking, 
ought  to  be  able  to  walk  further. 

The  experiments  of  Cyon,  however,  are  out  and  out  irreconcilable  with  the 
reflex  theory,  and  thus  this  author  has  himself  refuted  his  own  views.  He  h:is 
shown  that  section  of  the  posterior  roots  (which  are  supposed  to  have  caused  these 
reflex  manifestations)  causes  no  interference  with  ordinary  movements  (jumping, 
hopping,  swimming,  etc.),  or  at  most  interferes  only  with  the  most  complicated 
movements,  for  the  explanation  of  which  the  simultaneous  disturbance  of  sensi- 
bility undoubtedly  sufiices.  But  we  must  certainly  agree  with  the  authors  here 
cited  in  the  opinion  that  conscious  sensation,  or  the  disturbance  of  its  tracts,  cannot 
possibly  have  anything  to  do  with  the  ataxy.  But  the  recently  discovered  fact  of 
the  apparently  almost  constant  failure  of  the  reflex  action  of  the  tendons  in  ataxy 
at  least  leaves  the  remote  possibility  open  that  disturbances  of  certain  reflex  tracts 
in  the  spinal  cord,  which  act  in  an  entirely  unknown  way  in  the  co-ordination  of 
movements,  may  have  a  relation  to  the  ataxic  disturbances  of  motion.  This  might 
be  more  carefully  investigated  in  the  future. 

The  view  advanced  by  Leyden  originally  regarded  the  disturbances  of  conscious 
sensibility  as  the  essential  cause  of  the  disturbance  of  co-ordination,  and  Leyden 
has  taken  much  pains  to  demonstrate  the  disturbances  of  conscious  sensibility  in 
all  patients,  and  asserts  that  these  always  exist  to  a  degree  about  corresponding  to 
the  degree  of  ataxy.  He  therefore  also  attaches  the  greatest  value  to  the  careful 
examination  of  conscious  sensibility.  Almost  ail  other  authors  have  expressed 
themselves  as  o^jposed  to  this  significance  of  conscious  sensibility,  and  so  of  late 
Leyden  himself  also  admits  that  it  is  not  conscious  sensibility  that  lies  at  the  foun- 
dation of  these  co-ordinatory  functions,  but  that  probably  these  unconscious  cen- 
tripetal excitations  within  the  spinal  cord  are  conducted  through  the  same  tracts 
as  the  conscious  sensations. 

Leyden  has  most  recently  defended  his  theory  over  against  the  exceptions  taken 
thereto,  and  expresses  himself  to  the  effect  that,  even  though  the  question  of  the 
origin  of  ataxy  through  disease  of  the  posterior  columns  be  not  satisfactorily  re- 
solved, the  cause  of  ataxy  is  to  ie  sought  in  the  loss  of  the  connections  leading  in  a 
centripetal  direction  hetween  the  jieripher^j  and  the  centre  of  co-ordination. 
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We  must  admit  that  Leyclen's  view  has  something  seductive  about  it,  and  that 
the  way  in  which  he  has  sought  to  refer  the  ataxic  disturbance  of  locomotion  back 
to  a  disturbance  of  the  muscular  sense  appears  to  us  quite  plausible.  We  would 
also  accept  this  theory  without  hesitation  if  a  whole  series  of  well-established  facts 
did  not  exist  which  make  this  doctrine  a  logical  impossibility.  We  have  already 
adduced  these  facts  at  another  point,  and  have  drawn  the  conclusions  resulting 
from  them.  We  can  furthermore  refer  to  the  new  work  of  Friedreich,  which 
brings  forward  such  facts  in  still  greater  completeness,  and  radically  refutes  the 
deductions  of  Leyden.  We  may  here  perhaps  add  the  cases  of  Trousseau  and 
Bourdon,  in  which  there  was  distinct  ataxy  with  no  anesthesia  of  the  skin  or 
muscles ;  then  a  case  of  Ebstein's '  in  which  there  was  sclerosis  of  the  posterior 
columns  accompanied  by  a  high  degree  of  ataxy  without  any  disturbances  of  sensi- 
bility ;  finally  a  case  of  Engesser's,'  from  Kussmaul's  clinic,  in  which  muscular 
feeling  was  extinguished,  cutaneous  sensibility  diminished,  and  Komberg's  symp- 
tom present,  icithout  any  trace  of  ataxy. 

We  must  attach  special  value  to  the  newer  cases  of  Friedreich  (which  we  were 
able,  in  jjart,  to  examine  ourselves)  in  which  exhaustive  tests  of  sensibility,  applied 
in  all  directions,  showed  no  trace  of  disturbance  of  cutaneous  or  muscular  sensi- 
bility, although  a  high  degree  of  ataxy  existed.  When  Leyden  seeks  to  weaken 
the  force  of  these  cases  by  saying  that  they  appear  to  him  to  deviate  from  the  usual 
type  of  tabes,  and  are,  therefore,  "  not  directly  to  be  credited  to  his  theory,"  we 
can  only  reply  that,  fi'om  the  standpoint  of  scientific  logic,  it  appears  to  us,  in  such 
a  dilemma,  where  well-established  and  undoubted  facts  will  not  fit  a  theory,  much 
more  correct  to  let  the  theory  fall,  than,  for  the  sake  of  the  theory,  to  reject  the 
facts  as  inapplicable. 

In  like  manner  we  cannot  accept  the  rejection,  proposed  by  Leyden,  of  the  case 
of  Spaeth  and  Schueppel  (page  89).  We  do  not  see  why  "the  turning  to  any 
theoretical  account  of  so  exceptional  a  case"  should  be  "impossible."  Wlien 
such  a  case  has  been  so  accurately  and  repeatedly  investigated,  and  that  with  special 
reference  to  Leyden's  theory,  it  can  surely  be  turned  to  account,  even  if  it  should 
throw  the  highest  degree  of  doubt  upon  that  theory.  And  when  Leyden  adduces, 
as  the  main  argument  against  this  case,  that  we  might  just  as  well  conclude  there- 
from that  disease  of  the  posterior  columns  has  nothing  to  do  with  ataxy,  we  must 
confess  that  this  conclusion  does  not  ap])car  to  us  by  any  means  so  absurd,  and  that 
this  very  case  of  Spaeth  and  Schueppel  furnishes  one  of  the  grounds  on  which  we 
advocate  the  possibility,  and  perhaps  probability,  that  the  co-ordinatory  tracts  may 
not  lie  in  the  posterior  columns  themselves,  but  only  in  their  neighborhood. 

At  all  events,  it  would  require  new,  well-confirmed,  and  unequivocal  facts  to 
make  the  theory  of  Leyden  tenable;  it  can,  in  our  opinion,  simply  noi  be  main- 
tained on  the  basis  of  the  facts  and  observations  now  known.  The  disturbance  of 
sensibility,  as  far  as  it  has  been  possible  thus  far  to  investigate  and  confirm  it,  can- 

'  Deutsches  Archiv  f.  klin.  Med.  X.  p.  595. 
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not  have  anything  essential  to  do  with  the  ataxy ;  it  may  perhaps  have  some  influ. 
ence  in  determining  the/o?'m  of  the  ataxic  manifestations,  but  probably  has  none  in 
producing  them.  The  ataxic  movements,  in  walking,  for  instance,  may  indeed  be 
somewhat  modified  in  their  method  of  appearance,  and  perhaps  increased,  by  the 
disturbance  of  sensibility,  but  they  cannot  be  called  forth  by  this  alone. 

It  is  possible  that  the  testing  of  "unconscious"  sensibility,  of  reflex  action,  and 
especially  the  more  careful  following  up  of  the  reflex  action  of  the  tendons,  may 
afford  some  new  fixed  points  for  this  theory.  This  remains  to  be  seen.  But  I  can 
akeady  state,  on  the  ground  of  some  cases  quite  recently  obsei'ved,  that  the  failure 
of  reflex  action  of  the  tendons  jjrobably  also  does  not  stand  in  any  constant  causal 
relation  to  ataxy.  I  have  seen  two  cases  in  which  there  was  undoubted  ataxy  with 
distinct  increase  in  the  reflex  action  of  tendons,  and  one  case  of  ataxy  with  fail- 
ure of  the  reflex  action  of  tendons  (after  dij)htheria)  ;  tliis  latter  symptom  persisted 
after  the  ataxy  had  long  since  disappeared. 

For  the  present  we  consider  those  theories  admissible  which  make  the  ataxy  de- 
pendent on  a  distwbance  of  the  apparatuses  of  co-ordination  themselves. 

It  is  out  of  the  question  to  suppose  that  we  are  dealing  with  a  disturbance  of 
centres  of  co-ordination  lying  outside  of  the  sjainal  cord,  as  was  taught  by  the  theo- 
ries of  Duchenne  and  Eisenmann.  In  tabes  we  have  undoubtedly  to  deal  with  an 
affection  of  the  spinal  cord  ;  the  ataxy  can,  therefore,  hardly  be  made  to  dejjend  on 
a  disturbance  of  the  cerebellum — if,  indeed,  the  centre  of  co-ordination  lies  there. 

Finkelnburg  considers  the  explanation  of  ataxy  by  a  disturbance  of  sensibility 
as  entirely  untenable ;  according  to  him,  it  is  a  question  of  an  immediate  disturb- 
ance of  the  power  properly  to  co-ordinate  muscular  movements. 

Tojiinard  likewise  denies  that  motor  weakness  or  cutaneous  or  muscular  anaes- 
thesia has  any  influence  on  ataxy ;  he  considers  the  rather  that  this  takes  place  by 
a  disturbance  of  the  co-ordinating  function  of  the  spinal  cord,  which  he  looks  upon 
as  a  reflex  power.    His  opinion  is  open  to  the  same  objection  as  all  reflex  theories. 

Spaeth  says :  Ataxy  can  only  be  explained  by  the  disturbance  of  some  definite 
apparatus  which,  under  normal  conditions,  presides  over  the  function  of  the  co-or- 
dination of  motion.  This  apjjaratus  would  seem  to  have  to  be  sought  in  part  in  the 
gray  substance  of  the  spinal  cord.  Spaeth,  like  Topinard,  wrote  at  a  time  when 
the  situation  of  the  centres  of  co-ordination  outside  of  the  spinal  cord  was  not  yet 
demonstrated. 

Friedreich's  opinion  is  to  the  effect  that  ataxy  is  caused  by  a  disturbance  of 
those  tracts  in  the  spinal  cord  which  conduct  the  influence  of  the  centre  of  co-ordina- 
tion (which  is  to  be  sought  outside  of  the  cord)  to  the  motor  nerves.  These  tracts 
lie  in  the  posterior  columns. 

Our  own  view,  already  expressed  above,  is  also  to  the  effect  that  ataxy  depends 
on  a  disturbance  of  co-ordinatory  tracts  lying  within  the  spinal  cord,  and  leading 
in  a  centrifugal  direction. 

"We  are  therefore  forced  to  tlie  conclusion  that  there  must  be 
co-ordinating  tracts  in  the  spinal  cord,  tracts  which  maintain  the 
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communication  between  the  centres  of  co-ordination  and  the 
peripheral  motor  nerves,  and  that  ataxy  can  be  explained  only- 
through  a  disturbance  of  these  tracts.  The  question  of  wJiere 
tliese  tracts  lie  naturally  obtrudes  itself.  Naturally,  we  first 
think  of  the  posterior  columns.  But  there  are  some  objections 
to  this  view.  One  is,  that  cases  of  extensive  degeneration  of  the 
posterior  columns  have  been  observed  without  any  ataxy  ;  an- 
other argument  against  it  is  the  Spaeth  and  Scliueppel  case  ; 
another  is  perhaps  the  so  frequent  involvement  of  the  gray  mat- 
ter and  of  the  lateral  columns  in  the  later  stages  of  tabes.  We 
would  therefore  not  regard  the  question  as  decided  with  entire 
certainty ;  we  have  already  previously  expressed  ourselves  on 
this  question  (page  95),  and  have  scarcely  anything  to  add  to 
what  was  said  there.  Ought  not,  in  the  future,  more  attention, 
perhaps,  to  be  given  to  the  "direct  tracts  from  the  cerebellum 
to  the  lateral  columns"  which  have  been  studied  by  Fleclisig? 
At  all  events,  many  questions  here  remain  to  be  solved  by  future 
investigation. 

The  fact  of  swdying  on  closing  the  eyes,  previously  referred 
to,  has  been  regarded  as  having  various  different  relations  to 
ataxy,  and  as  being  a  sign  that  ataxy  was  increased  by  closing 
the  eyes.  We  have  already  previously  shown  that  this  is  not 
correct.  In  fact,  there  are  numerous  instances  where  the  sway- 
ing is  present  long  before  ataxy  arises;  and  others  in  which, 
while  the  ataxy  is  great,  closing  the  eyes  causes  no  increase  in 
the  swaying ;  in  these  latter  there  are  no  disturbances  of  sensi- 
bility. Therefore  this  symptom,  which,  it  is  true,  is  seldom 
absent,  remains  chiefly  as  the  sign  of  tlie  existence  of  disturb- 
ances of  sensibility,  especially  of  the  disturbance  of  muscular 
sense.  If,  nevertheless,  in  some  patients  suffering  from  tabes, 
there  is  a  slight  increase  of  ataxy  on  closing  their  eyes,  this  only 
proves  that  a  moderating  and  directing  influence  can  be  exer- 
cised over  the  disturbance  through  the  sense  of  sight,  after  the 
witlidrawal  of  which  the  disturbance  stands  forth  in  its  true 
magnitude. 

Among  the  remaining  motor  disturbances  the  first  that  de- 
serves notice  is  the  m.otor  weaJmess,  which  may  afterwards  in- 
crease to  complete  paralysis.  As  a  rule,  the  "  complete  retention 
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of  gross  motor  power  "  does  not  go  very  far.  There  are,  indeed, 
individual  instances,  in  wliicli  the  ataxy  is  also  liable  to  be  espe- 
cially well  marked,  in  which  the  patients  are  capable  of  an  ap- 
parently quite  normal  and  even  unusual  development  of  strength, 
olTering  exceedingly  energetic  resistance  to  j)assive  movements, 
and  executing  all  single  movements  with  great  power.  But 
these  cases  do  not  constitute  the  rule,  and  in  many  of  them  there 
will  at  least  be  found  a  distinct  diminution  in  the  power  of  en- 
durance (Ausdauer)  of  motor  efforts.  Just  this  very  diminution 
in  the  power  of  endurance  of  movements  belongs  to  the  earliest 
and  most  marked  symptoms  of  tabes ;  and  the  lively  feeling  of 
fatigue  in  such  patients  apjDears  to  stand  in  some  relation  thereto. 

But  in  the  great  majority  of  tabes  patients,  and  especially  in 
the  typical  ones,  a  distinct  diminution  of  motor  power  can  early 
be  demonstrated.  Topinard  already  observed  this,  and  Cyon 
claims  to  have  found  this  motor  weakness  in  almost  all  tabes 
patients.  My  own  observations  agree  therewith  in  so  far  as  that 
very  distinct  motor  paresis  is  to  be  demonstrated  in  at  least  one- 
half  of  all  cases.  Here  and  there  I  have  also  observed  transitory 
paralysis  in  the  domain  of  single  nerves — for  instance,  the  pero- 
neal— but  this  is  very  rare.  Pierret  most  recently  pronounces 
these  partial  and  temporary  paralyses  in  the  extremities  as  a 
very  common  appearance  in  tabes,  and  seeks,  by  these  alone,  to 
explain  the  disturbance  of  co-ordination.  But  we  must  await  a 
more  accurate  confirmation  of  this  theory  of  ataxy. 

In  the  later  and  latest  stages,  however,  tiViQ  paralysis  seldom 
fails  ;  the  legs  grow  heavier  and  heavier,  finally,  more  or  less  com- 
pletely paralyzed,  they  emaciate,  contractures  set  in,  etc.  With 
the  appearance  of  paralytic  symptoms  the  ataxic  manifestations 
naturally  fall  more  and  more  into  the  background,  and  finally 
disappear  altogether. 

It  is  in  the  highest  degree  probable  that  these  last  symptoms 
— paralysis,  with  contractures — are  to  be  referred  to  a  final  spread 
of  the  anatomical  process  to  the  lateral  columns.  Whether  the 
earliest  symptoms  of  motor  weakness  and  exhaustion  can  also  be 
explained  in  the  same  manner,  may  still  be  a  matter  of  doubt ; 
at  the  same  time,  in  the  present  state  of  our  knowledge,  we  are 
quite  inclined  to  the  idea  that,  wherever  distinct  manifestations 
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of  motor  weakness  are  present,  there  is  some,  even  though  but 
slight,  involvement  of  the  lateral  columns  or  the  gray  substance. 
This,  however,  can  only  be  decided  by  further  investigations. 

.  In  tabes  there  is  but  very  little  to  be  seen  in  the  way  of  mani- 
festations of  motor  irritation.  Here  and  there,  particularly  in 
the  earlier  stages  of  the  disease,  slight  Jerking  contractions  may 
be  observed,  spasms  of  single  muscles,  occasionally  also  fibrillar 
contractions.  Not  unfrequently  there  are  also  stronger  twitch- 
ings  of  entire  extremities,  and  the  like  ;  but  these  occur  almost 
always  only  in  connection  with  lancinating  pains,  and,  therefore, 
are  doubtless  to  be  regarded  as  reflex. 

There  is  an  entire  absence  of  only  so-called  muscular  tension 
in  all  genuine  and  typical  cases  ;  the  limbs  are  limp,  easily  mova- 
ble, and  do  not  olfer  the  slightest  resistance  to  passive  move- 
ments. 

On  the  other  hand,  in  the  later  stages,  muscular  tension  and 
contractures  may  also  arise,  with  the  true  paralysis,  and  may 
finally  reach  so  high  a  grade  that  the  limbs  remain  immovable  in 
the  position  of  extension  or  flexion,  as  they  do  in  the  later  stages 
of  multiple  sclerosis  or  of  chronic  myelitis. 

The  statements  of  authors  differ  much  with  regard  to  tlie  re- 
lations of  electrical  excitahility  in  tabes.  This  is  sometimes 
said  to  be  heightened,  sometimes  normal,  sometimes  lowered. 
The  truth  probably  is,  in  other  words,  that  the  conditions  of 
electrical  excitability  vary  in  different  stages  of  the  disease. 

In  my  own  examinations — and  I  pay  no  regard  to  any  that 
are  not  made  by  my  own  method,  which  alone  is  applicable  in 
such  cases — I  found  the  faradic  and  galvanic  excitability,  in  a 
whole  series  of  cases,  to  be  quite  normal  in  respect  both  to 
quality  and  to  quantity. 

In  another  series  of  cases  I  found  a  distinct,  even  though  but 
slight  increase  in  the  faradic  and  galvanic  excitahility  in  the 
domain  of  the  peroneal  nerves,  without  any  qualitative  altera- 
tions. 

'And  finally,  in  still  another  group  of  cases,  I  found  a  more 
or  less  distinct  diminution  of  electrical  excitability  in  the  domain 
of  the  peroneal  nerves,  likewise  without  qualitative  changes. 

On  the  whole,  I  have  received  the  impression  that  in  the 
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earlier  stages  of  tabes  tliere  is  ratlier  an  increase,  in  tlie  later 
stages  ratlier  a  diminution,  of  electrical  excitability  to  be  demon- 
strated. In  one  case  I  observed  this  directly,  finding  the  electri- 
cal excitability  at  first  materially  increased,  and  afterwards  di- 
minished. Still,  in  view  of  the  small  amount  of  material  before 
us,  and  the  very  variable  intensity  in  the  course  of  the  disease, 
it  is  difiicult  to  arrive  at  a  definite  conclusion  with  regard  to 
these  relations. 

I  have  thus  far  not  found  any  qualitative  changes  of  the  gal- 
vanic excitability  in  the  domain  of  the  peroneal  (anomalies  of 
the  law  of  twitching  [Zuckungsgesetz]) ;  in  particular  have  I 
never  been  able,  in  spite  of  careful  search,  to  confirm  what  is 
claimed  with  regard  to  the  existence  of  a  greater  tendency  to 
twitchings  at  the  opening  of  the  circuit.  Only  in  one  case  was 
I  able  to  demonstrate,  in  the  region  of  the  ulnar,  the  occurrence 
of  the  AnSZ  before  the  KaSZ,  and  a  preponderance  of  the  f onner 
over  the  latter,  with  low  powers  of  the  current. 

Certainly,  in  the  present  situation  of  affairs,  there  is  no  great 
advantage  to  be  gained,  in  the  diagnosis  or  prognosis  of  tabes, 
from  electrical  examinations ;  we  will  therefore  give  no  further 
time  to  the  subject. 

.  ^mCiICAL  %^&Msturhances  of  Rejiex  Action. 

These  have  hitherto,  it  appears  to  us,  received  perhaps  too 
little  attention  ;  in  most  histories  of  cases  statements  on  this 
subject  are  very  incomplete  or  are  altogether  wanting. 

So  far  as  the  rejiex  action  of  the  skin  is  concerned,  it  presents 
no  sort  of  constant  or  essential  anomalies.  According  to  my 
own  observations  it  appears  to  present  no  considerable  deviations 
from  the  normal ;  that  is  to  say,  reflex  action  is  generally  present, 
more  or  less  well  marked,  sometimes  very  active,  sometimes  hard 
to  call  forth.  I  have  but  very  rarely  found  it  absent ;  stUl  it  is 
known  that  this  may  be  the  case,  even  in  health.  In  future  these 
conditions  should  be  more  carefully  observed,  and  it  might  per- 
haps be  desirable  in  all  cases  more  accurately  to  test  the  reflex 
action  originating  in  the  sole  of  the  foot,  that  of  the  cremaster 


TABES  DOliSALIS. 


575 


muscle  originating  from  the  inner  surface  of  tlie  tliigh,  and  that 
originating  from  the  skin  of  the  abdomen. 

Since  writing  the  above  I  have  carefully  tested  the  reflex  action  of  the  skin,  in 
this  respect,  in  eight  tyijical  cases  of  tabes.  In  all  of  them  the  reflex  action  of  the 
tendons  was  completely  extinguished.  Reflex  action  of  the  skin  was  retained  in  all 
of  them,  though  in  a  very  varying  degree  in  different  individuals.  Sometimes  the 
plantar  reflex  was  very  active,  sometimes  the  cremaster  and  the  abdominal  reflexes 
were  more  marked,  but  in  no  case  was  there  an  absence  of  all  the  sldn  reflexes  at 
once.  No  definite  relation  was  found  to  exist  between  the  reflex  action  of  the  skin 
and  the  degree  of  ataxy  present,  nor  did  the  former  bear  any  relation  to  the  degree 
of  disturbance  of  sensibility  present.  I  have  thus  far  merely  received  the  impression 
that  the  reflex  action  of  the  skin  behaves  the  same  in  persons  with  tabes  as  in  those 
who  are  well,  the  latter  also  reacting  with  very  variable  degrees  of  intensity  to 
cutaneous  irritants  capable  of  producing  reflex  action.  Further  investigations  on 
this  point  are  to  be  desired. 

The  condition  of  reflex  action  of  the  tendons,  on  the  con- 
trary, is  very  remarkable  in  tabes,  and  probably  also  very  im- 
portant. Westphal '  first  called  attention  to  the  entire  absence 
of  the  reflex  action  of  tendons  in  tabes.  Since  then  I  have 
always  paid  attention  to  this  symptom,  and  can  fully  confirm 
Westphal' s  statements.  In  all  typical  and  well-developed  cases 
of  tabes  the  refiex  action  of  the  tendons  is  entirely  wanting,  even 
though  reflex  action  of  the  skin  may  be  present  and  even  in- 
creased. In  only  one  case  which  I  count  as  tabes,  but  in  which 
there  was,  as  yet,  no  ataxy,  but  only  some  initial  symptoms, 
could  the  presence  of  reflex  action  of  the  tendons  of  the  patella 
be  demonstrated.  Wherever  the  case  had  advanced  to  the  de- 
velopment of  ataxy,  or  even  to  slight  indications  of  the  same, 
reflex  action  of  the  tendons  was  entirely  lost. 

It  would,  of  course,  be  in  the  highest  degree  interesting  to 
know  more  accurately  when  reflex  action  of  the  tendons  is  ex- 
tinguished—whether it  disappears  lefore  or  after  the  occurrence 
of  ataxy,  whether  it  disappears  in  the  initial  stage  already,  and 
thus  to  be  able  to  establish  the  early  diagnosis  of  tabes  and  the 
like.  I  have  thus  far  labored  in  vain  to  clear  up  these  questions. 
They  require  years  of  observation  of  single  cases,  or  very  favor- 
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able  accidental  circumstances.  This  matter  is  therefore  com- 
mended to  the  study  of  our  professional  brethren. 

At  all  events,  the  great  constancy  of  this  symptom  lends  it  a 
high  diagnostic  significance.  It  certainly  stands  in  no  demon- 
strable relation  to  cutaneous  or  muscular  sensibility,  nor  to  the 
reflex  action  of  the  skin.  I  have  seen  the  reflex  action  of  tendons 
fail  when  the  cutaneous  and  muscular  sensibility  were  entirely 
intact  and  when  they  were  greatly  diminished,  when  the  reflex 
action  of  the  skin  was  normal,  raised,  or  lowered.  This  symp- 
tom, therefore,  seems  to  be  entitled  to  a  certain  isolation  in  the 
symptom-picture  of  tabes.  At  the  same  time  there  are  compli- 
cated cases — and  we  shall  return  to  this  again  under  the  head  of 
Spasmodic  Spinal  Paralysis — in  which,  together  with  ataxy  and 
other  symptoms  of  tabes,  an  increase  in  the  reflex  action  of  ten- 
dons shows  itself,  together  with  other  manifestations  of  spas- 
modic spinal  paralysis.  These  are  certainly  not  typical  cases  of 
tabes,  and  they  constitute  well-characterized  exceptions. 

Disturbances  of  the  Organs  of  Sx)ecial  Sense. 

We  would  mention,  first,  the  paralyses  of  the  muscles  of  the 
eye,  which  play  a  not  unimportant  role  in  the  clinical  picture  of 
tabes. 

They  most  frequently  affect  the  motor  oculi  and  abducens, 
far  less  frequently  the  troclilear  nerve,  and  manifest  themselves 
by  the  corresponding  disturbances  of  binocular  vision,  diplopia, 
strabismus,  dizziness,  etc.  von  Graefe  calls  attention  to  the  fact 
that  tabes  patients  who  are  suffering  from  diplopia  show  a  strik- 
ingly small  tendency  to  the  blending  of  images  in  binocular 
vision,  which  is  supposed  to  point  towards  a  central  origin  of  the 
affection. 

These  paralyses  may  arise  quite  transitorily,  lasting,  with 
varying  intensity,  for  a  couple  of  days,  weeks,  or  months,  then 
disappearing,  and  returning  again  after  a  longer  or  shorter  time ; 
in  the  later  stages  of  the  disease,  however,  pennanent  paralyses 
of  the  muscles  of  the  eye  doubtless  also  occur. 

Not  infrequently  disturhances  of  accommodation  also  take 
place,  pareses  of  the  same,  and  alterations  in  the  pupils.  The 
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latter  are  sometimes  contracted  or  dilated  on  one  side  ;  but  more 
frequently  there  is  a  bilateral,  uniform,  generally  pretty  con- 
siderable contraction  of  the  pupils,  which  presents  the  characters 
of  spinal  myosis ;  that  is,  the  pupils  do  not  react  to  the  stimulus 
of  light,  but  do  still  react  distinctly  to  accommodative  impulses 
(Arg.  Robertson,  Knapp,  Leber,  Hempel).  This  condition  is  gen- 
erally permanent. 

The  occurrence  of  all  these  changes  in  the  muscles  of  the  eye 
is  by  no  means  rare  in  tabes.  If  we  embrace  them  all  in  our 
estimate,  including  the  slight  and  transitory  disturbances,  the 
differences  in  the  pupils,  the  spinal  myosis,  then  we  shall  be 
able  to  establish  the  existence  of  such  changes  in  more  than  one- 
half  of  all  cases.  The  more  prolonged  and  permanent  disturb- 
ances, on  the  contrary,  may  probably  not  arise  in  more  than 
one-third  to  one-fifth  of  all  cases. 

The  transitory  disturbances  occur  with  special  frequency  in 
the  initial  stage  of  tabes,  and  are  to  some  degree  characteristic  of 
the  same,  although  by  no  means  as  constant  as  Duchenne  at  first 
stated.  But  paresis  of  the  ocular  muscles  may  arise  in  every 
stage  of  tabes,  and  it  is  just  the  severer  forms  of  the  same  which 
generally  appear  only  in  the  well-pronounced  disease. 

In  a  pathogenetic  point  of  view,  the  most  important  item,  as 
influencing  these  changes,  is  doubtless  the  disease  of  those  fibres 
of  the  ocular  nerves  which  run  together  in  the  medulla  oblon- 
gata. Probably  slight  diseases  of  the  nerve-tracts  here  situated, 
and  of  their  nuclei,  are  to  be  looked  upon  as  the  causes  of  paresis. 
Still,  such  diseases  have  not  hitherto  been  anatomically  demon- 
strated ;  neither  has  any  direct  connection  with  the  degeneration 
of  the  posterior  columns  been  thus  far  established,  either  ana- 
tomically or  physiologically.  Pierret  declares  these  paretic  dis- 
turbances of  the  muscles  of  the  eye  (as  well  as  of  the  muscles 
of  the  face  and  of  mastication,  which  sometimes  occur)  to  be^ 
dependent  on  primary  irritation  or  disturbance  in  the  tract  of 
the  trigeminus,  which  participates  in  the  disease  in  a  manner 
quite  analogous  to  that  of  the  posterior  spinal  nerve-roots,  and 
he  regards  them,  therefore,  as  paralyses  of  sensitive  origin  (reflex, 
paralysis,  etc.).  The  idea  that,  particularly  in  prodromal  diplo- 
pia, it  is  a  question  of  rheumatic  paralysis  of  the  muscles  of  the 
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eye,  consequent  on  taking  cold,  will  find  but  little  support.  The 
changes  in  the  pupils  would,  first  of  all,  suggest  the  involvement 
of  the  cilio-spinal  centre  and  the  oculo-pupillar  tracts  emanating 
therefrom  and  lying  within  the  cervical  portion  of  the  cord  ;  but 
here,  too,  we  are  thus  far  without  the  support  of  any  anatomical 
proof. 

The  nystagmus  observed  by  Friedreicli  in  a  series  of  cases, 
and  more  accurately  described  by  him,  is  a  peculiar,  but,  on  the 
whole,  a  very  rare  disturbance  of  the  muscles  of  the  eye.  This 
is  always  a  bilateral  nystagmus,  which  follows  partly  a  horizon- 
tal, partly  a  vertical,  or  probably  also  a  diagonal  direction, 
which  does  not  occur  during  rest,  but  does  occur  at  every 
attempt  to  fix  the  eye.  If  an  object  is  moved  in  various  direc- 
tions in  the  field  of  vision,  irregular,  jerky  twitching  of  the  ball 
of  the  eye  takes  place,  being  all  the  more  prominent  the  more 
the  object  is  approximated  to  the  outer  limits  of  the  field  of 
vision.  In  the  higher  grades  of  the  trouble,  nystagmus  also 
occurs  when  the  eyes  are  fixed  upon  an  object  held  at  rest,  but 
even  then  it  is  absent  when  the  glance  is  quiet  and  not  fixed. 
The  movements  are  slower  and  less  regular  than  in  the  ordinary 
nystagmus,  dependent  only  upon  disease  of  the  eye,  and  are 
principally  to  be  distinguished  from  the  latter  by  the  fact  that 
they  only  arise  on  voluntarily  moving  the  eye  or  fixing  the 
glance.  Friedreich  is  undoubtedly  right  in  considering  this 
nystagmus  as  a  form  of  ataxy  of  the  movements  of  the  eye,  and 
in  setting  it  up  as  ataxic  nystagmus,  over  against  the  ordinary 
form  of  the  disease. 

Friedreich  seeks  the  cause  of  this  nystagmus  in  a  disturbance 
of  the  co-ordinatory  tracts  which  lead  from  the  centres  of  co-or- 
dination to  the  nuclei  of  the  nerves  of  the  ocular  muscles  lying 
on  the  floor  of  the  fourth  ventricle,  and  declares  himself  to  be 
of  the  opinion  that  nystagmus  does  not  arise  in  spinal  disease 
until  the  medulla  oblongata  is  involved.  This  proposition  also 
still  lacks  anatomical  proof  in  tabes.  Pierret  explains  these 
phenomena  also  on  the  ground  of  the  primary  disease  of  the 
sensitive  root-tracts  of  the  trigeminus  in  the  medulla  oblongata. 

The  occurrence  of  ataxic  nystagmus  is  rare  in  tabes,  and  has 
thus  far  only  been  observed  by  Friedreich  in  five  of  the  nine 
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peculiar  cases  described  by  him.  It  belongs  to  the  later  symp- 
toms, and  becomes  associated  with  the  other  ataxic  manifesta- 
tions only  after  the  disease  has  existed  for  a  number  of  years 
(five  to  twenty-one). 

But  the  atrophy  of  the  optic  nerve,  which  is  unfortunately 
very  frequent  in  tabes,  is  of  much  more  importance  than  the  dis- 
turbances of  the  visual  apparatus  thus  far  considered,  and  is 
much  harder  for  the  patient  to  endure.  It  belongs  to  the  saddest 
complications  of  this  already  melancholy  disease  ;  the  helpless- 
ness caused  by  the  ataxy  is  aggravated  beyond  all  measure  by 
the  blindness  added  thereto,  and  the  sources  from  which  the 
patients  can  obtain  comfort  and  oblivion  amid  their  suffering 
are  materially  diminished. 

The  trouble  begins  with  slowly  or  rapidly  advancing  diminu- 
tion in  the  sharpness  of  nision,  which  soon  increases  to  amblyo- 
pia, and  finally  to  amaurosis.  The  field  of  msion,  which  is  at 
first  slightly  veiled  and  cloudy,  becomes  increasingly  narrowed, 
generally  from  without  inward,  sometimes  from  without  and 
above,  sometimes  more  from  below.  Examination  shows  that 
this  narrowing  of  the  field  of  vision  does  not  take  place  in  a 
uniform  manner,  but  with  entering  angles.  Finally,  the  blind 
area  involves  all  but  a  spot  towards  the  inside,  which  allows  the 
patient  but  a  limited  and  insufficient  amount  of  vision. 

Color  blindness  can  usually  be  demonstrated  in  patients  be- 
fore awj  limitation  in  the  field  of  vision.  Generally  the  percep- 
tion of  green  is  lost  first,  then  that  of  red,  finally  that  of  yellow 
and  blue ;  still,  deviations  from  this  order  are  not  excluded. 

In  such  cases  the  pupils  are  frequently  contracted  rather  than 
dilated ;  their  reaction  to  light  entirely  suspended.  In  the  ear- 
lier stage  many  patients  show  an  increased  sensitiveness  to 
bright  light,  and  therefore  see  somewhat  better  in  the  twilight 
than  in  bright  daylight. 

Ophthalmoscopic  examination  reveals  the  signs  of  so-called 
loJiite  atrophy  of  the  optic  nerve.  At  first  there  is  a  slight  gray- 
ish discoloration  of  the  papilla,  which  gradually  grows  paler 
and  finally  appears  quite  white  and  sharply  outlined.  The  arte- 
ries at  the  same  time  show  a  progressive  narrowing,  but  other- 
wise the  retina  remains  quite  unaltered.    These  changes  are 
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easily  to  be  distinguislied  from  the  ophthalmoscopic  picture  of 
neuritis  optica  and  congested  papilla,  and  according  to  French 
authors  they  are  so  characteristic  that  the  existence  or  the  ap- 
proach of  tabes  can  be  recognized  from  them  alone. 

Atrophy  of  the  optic  nerve  in  tabes  is  always — with  quite 
rare  exceptions — a  decidedly  progressive  malady,  and  leads  with- 
out interruption  to  complete  amaurosis.  In  different  cases,  it  is 
true,  this  occurs  with  very  variable  rapidity ;  sometimes  it  re- 
quires only  weeks,  sometimes  months,  or  even  years,  for  its  ac- 
complishment. Occasionally  the  malady  comes  to  a  stand-still, 
even  after  it  lias  lasted  for  a  comparatively  long  time.  Some- 
times the  trouble  is  limited  for  a  considerable  time  to  one  eye, 
but  it  is  far  more  common  for  both  to  be  attacked  and  to  become 
blind  simultaneously  or  within  a  short  time.  Modifications  be- 
tween these  two  extremes  are  of  course  manifold. 

Atrophy  of  the  optic  nerve  belongs  to  the  more  frequent  of 
the  complications  of  tabes,  but  we  have  no  accurate  statistics  as 
to  its  frequency.  The  statements  of  ophthalmologists  are  per- 
haps generally  too  high.  I  myself  have  seen  it  but  eight  times 
among  about  seventy  cases.  Topinard,  on  the  contrary,  gives 
"  disturbances  of  vision"  in  49  cases  out  of  103.  Cyon,  in  203 
cases,  finds  60  of  amblyopia  and  amaurosis.  More  accurate 
statistics  on  this  subject  are  to  be  desired. 

Very  commonly  atrophy  of  the  optic  nerve  arises  in  the  initial 
stage  of  tabes  ;  it  may  even  be  the  first  manifestation  of  the 
disease,  and  may,  for  a  longer  or  shorter  period,  precede  the 
lancinating  pains  and  the  other  symptoms.  The  amaurosis 
caused  thereby  may  even  exist  for  years  (up  to  ten  years,  Char- 
cot) before  other  symptoms  of  tabes  are  added  thereto. 

The  immediate  cause  of  the  amaurosis  of  tabes  is,  of  course, 
the  gray  degeneration  of  the  optic  nerves,  a  typical  gray  degen- 
eration entirely  analogous  to  the  changes  in  the  spinal  cord,  and 
one  which  we  have  learned  to  know  more  accurately  through  the 
labors  of  Leber.  The  disease  begins  at  the  periphery  of  the 
trunk  of  the  optic  nerve  and  attacks  the  most  central  fibres  of  the 
same  last.  It  always  begins  on  the  trunk  of  the  optic  nerve  itself, 
in  the  divisions  nearest  to  the  eye,  and  spreads  from  here  to- 
wards the  centre  to  the  optic  tract,  in  rare  cases  also  to  the 
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tubercula  qiiadrigemina.  The  narrowing  of  the  field  of  vision 
and  the  method  of  its  development  w^ould  alone  enable  us  to 
decide  with  certainty  that  the  change  always  begins  in  the  trunk 
of  the  nerve  and  not  in  tlie  tractiis  opticus  (Foerster.) 

What  connection  is  there  between  this  degeneration  of  the 
optic  nerve  and  the  sclerosis  of  the  posterior  columns  ?  Probably 
there  is  no  direct  connection,  for  no  anatomical  continuity  can  in 
any  way  be  demonstrated  between  the  process  in  the  optic  nerve 
and  that  in  the  posterior  columns.  The  idea  which  naturally  sug- 
gests itself,  that  the  disease  in  the  posterior  columns  of  the  cord 
might  interfere  with  trophic  influences  exerted  on  the  optic  nerves 
and  thus  cause  their  gray  degeneration,  can  also  hardly  be  main- 
tained in  the  face  of  the  fact  that  atrophy  of  the  optic  nerve  often 
for  a  long  time  precedes  all  manifestations  of  the  spinal  disease. 
Consequently  for  the  present  there  is  not  much  of  anything 
better  left  for  us  than  the  conclusion  that  gray  degeneration  "  is 
developed  simultaneously  or  successively  at  various  points  in 
the  central  nervous  system  especially  predisposed  thereto"  (Foer- 
ster. ) 

Bisturhances  of  hearing  very  rarely  arise  in  tabes.  Imper- 
fect hearing  has  indeed  been  observed  here  and  there  (Leyden, 
Kemak,  Vossius),  but  in  the  majority  of  instances  it  was  doubt- 
less due  to  an  accidental  concurrence  of  two  diseases,  each 
frequent  enough  in  itself.  This  accidental  character  of  the  deaf- 
ness in  tabes  has  been  especially  demonstrated  by  Lucae '  in  two 
cases.  But  it  seems  probable,  from  a  case  observed  by  me,  that 
tabes  may  also  be  accompanied  hj  purely  or  principally  nervous 
deafness,  which  probably  depends  on  atrophy  of  the  auditory 
nerve  and  is  thus  analogous  to  atrophy  of  the  optic. 

The  case  was  that  of  a  Russian  naval  officer,  who  for  some  years  had  suffered 
from  the  manifestations  of  a  somewhat  complicated  tabes.  During  the  initial  stage 
of  the  same,  besides  psychical  disturbances,  occasional  headaches  and  deafness  had 
arisen,  the  latter  gradually  increasing.  When  I  first  saw  him  the  patient  was  suf- 
fering with  moderate  ataxy  of  the  legs,  with  swaying  on  closing  his  eyes,  was  very 
easily  fatigued,  had  a  sense  of  numbness  in  his  feet,  slight  weakness  of  the  bladder, 
etc.    My  colleague,  Prof.  Moos,  had  the  goodness  to  examine  the  organ  of  hearing 

'  Lume,  TJeber  Schwerhorigkeit  bei  grauer  Degeneration  des  R.-M.  Verb.  d.  Berl. 
*med.  Gesellsch.  Bd.  I.  S.  127.  1806, 
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more  accurately,  and  to  communicate  to  me  the  following  results :  July  21st,  1873. 
"  On  both  sides  hypersemia  of  the  handle  of  the  malleus,  and  slight  cloudiness  of 
the  mucous  membrane.  Right  ear:  the  tuning-fork  could  not  be  heard,  either  in 
the  air  or  by  conduction  through  the  bones ;  hearing  of  speech,  null.  A  watch  of 
thirty  feet  hearing  distance  heard  only  on  pressure.  Left  ear  :  C  and  C  [tuning- 
forks]  not  heard  at  all  through  the  cranial  bones,  and  but  feebly  through  the  air; 
from  a  upward  the  viljrations  are  heard  both  through  the  cranial  bones  and  by 
way  of  the  air.  High  tones  can  be  heard  through  the  air  at  a  distance  of  seven 
paces.  With  the  watch,  H.  D.  =  two  inches ;  conduction  through  cranial  bones 
very  good ;  spoken  words  understood  at  a  distance  of  four  feet."  There  was, 
therefore,  probably  atrophy  of  certain  fibres  of  the  auditory  nerve.  On  the  7th  of 
August,  1873,  Prof.  Moos  reports  :  "  Bight  ear:  G'  not  heard ;  C"  heard ;  a  also 
heard  through  the  air ;  no  conduction  through  cranial  bones ;  watch  heard  a  dis- 
tance of  two  inches ;  words  distinguished  at  a  distance  of  one  foot.  Lfft  ear : 
tuning-forks  of  a  low  pitch  are  now  heard  through  the  cranial  bones,  as  well  as 
through  the  air ;  higli  tones  are  heard  through  the  air  at  a  distance  of  ten  or  twelve 
paces;  watch,  eight  inches  ;  spoken  words,  six  paces." 

Appreciable  improvement  had  therefore  followed  the  treatment  employed 
(galvanism). 

But,  at  all  events,  the  qnestioii  of  the  occurrence  of  affections 
of  the  auditory  nerve  in  tabes  requires  more  accurate  inves- 
tigation. 

Disturbances  of  taste  and  smell  have  indeed  been  observed 
here  and  there  in  tabes,  sometimes  with  simultaneous  anaesthe- 
sia of  the  mucous  membrane  of  the  tongue  and  mouth ;  they  are, 
however,  of  very  subordinate  significance. 

Disturbances  of  the  Action  of  tlie  Brain. 

These  are  comparatively  rare  in  tabes.  In  the  typical  form 
of  the  disease,  intelligence,  memory,  and  disposition  are  likely 
to  remain  entirely  intact.  The  state  of  mind  of  the  patients  is 
often  even  remarkably  cheerful  and  contented,  and  they  often 
endure  their  serious  troubles  with  wonderful  good  humor.  At 
other  times,  it  is  true,  one  also  finds  these  patients  depressed, 
unhappy,  very  irritable  and  moody,  tormented  with  sleepless- 
ness, quarrelling  with  their  fate. 

More  serious  psychical  disturbances,  through  complication 
of  the  tabes  with  an  affection  of  the  brain,  are  but  seldom  ob- 
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served.  Tliese  may  precede  the  tabes  for  many  years,  or  may 
become  associated  with  it  after  it  has  existed  for  years,  or, 
filially,  may  not  arise  until  the  terminal  stage. 

Since  the  admirable  labors  of  Westphal  special  attention  has 
been  directed  to  the  connection  between  tabes  (that  is,  gray  de- 
generation of  the  posterior  columns)  and  tlie  progressive  paraly- 
sis of  the  insane.  We  can  here  only  briefly  touch  on  this  inter- 
esting and  far-reaching  subject,  and  must  refer  our  readers,  for 
further  information,  to  the  original  works  on  this  subject,  espe- 
cially those  of  Westphal.  According  to  this  author,  all,  or  at 
least  the  majority  of  the  patients  who  present  the  picture  of  ordi- 
nary progressive  paralysis,  and,  in  so  far  as  they  present  motor 
disturbances  of  the  extremities,  seem  to  have  an  anatomically 
demonstrable  disease  of  the  spinal  cord  (chiefly  degeneration  of 
tlie  posterior  columns).  In  these  cases,  therefore,  the  tabes  is  one 
of  the  manifestations  of  a  more  or  less  diffuse  process  of  disease, 
extending  over  a  great  part  of  the  central  nervous  system  ;  the 
tabes,  at  its  very  beginning,  is  combined  with  a  psychopathic 
group  of  symptoms. 

In  another  set  of  cases,  however,  the  paralytic  insanity  is 
added  to  the  spinal  affection  of  tabes  only  after  the  latter  has 
existed  for  years.  Naturally,  in  all  such  cases,  the  importance 
of  the  spinal  becomes  subordinate  to  that  of  the  cerebral  disease. 

The  frequency  with  which  the  true  cranial  nerves  are  involved 
in  tabes  is  very  variable.  We  have  already  seen  that  the  motor 
nerves  of  the  eye  and  the  optic  nerves  themselves  are  very  often 
diseased.  On  the  other  hand,  the  involvement  of  the  remaining 
cranial  nerves  not  yet  mentioned  is  among  the  greatest  rarities  in 
tabes.  The  trigeminus  shows  signs  of  irritation  here  and  there 
(pain,  para3sthesia,  etc.),  or  it  may  be  paretic  conditions  (anaes- 
thesia, sense  of  numbness,  disturbance  of  taste,  etc.)  which  have 
been  thoroughly  established  by  Pierret,  and  referred  to  sclerosis 
in  the  region  of  the  lower  nucleus  of  the  trigeminus  in  the  me- 
dulla oblongata.  Pierret  attributes  very  great  importance  to  this 
disturbance  in  the  development  of  various  "cephalic"  symptoms 
of  tabes.  The  facial  nerve  is  but  very  rarely  found  implicated, 
and  then  it  is  principally  the  branches  serving  for  the  mimetic 
movements  of  the  mouth.    The  hypoglossal  has  occasionally 
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been  found  affected  (Friedreich).  "The  pneumogastric  and  spinal 
accessory,  as  well  as  tlie  glossopharyngeal,  appear  to  be  impli- 
cated comparatively  seldom  ;  difficulty  of  swallowing  is  rare  in 
tabes;  palpitation  of  the  heart,  attacks  of  difficult  breathing, 
gastralgic  troubles,  and  the  like,  do,  indeed,  occur,  but  it  is  not 
certainly  decided  whether  they  are  caused  by  an  affection  of  the 
nerves  above  named. 

Bisturhances  of  tlie  Functions  of  the  Bladder  and  Rectum. 

These  are  among  the  most  common  symptoms  of  tabes. 
Sometimes  evidences  of  irritation  are  to  be  observed  in  these 
parts ;  spasmodic  dysuria,  hyperaesthesia  of  the  neck  of  the 
bladder,  neuralgic  (lancinating)  pains  in  the  depth  of  the  pelvis, 
in  the  perineum  or  the  neck  of  the  bladder,  on  urinating,  on  coi- 
tion, or  on  defecating,  have  repeatedly  been  observed. 

But  signs  of  paresis  are  far  more  common,  especially  on  the 
part  of  the  bladder,  more  rarely  on  that  of  the  rectum.  All  those 
various  disturbances  in  the  evacuation  of  the  bladder  occur 
which  we  have  previously  depicted  (p.  131  et  seq.),  and  have 
endeavored  to  refer  to  their  physiological  causes.  It  is  particu- 
larly the  lighter  difficulties  vdth  which  tabes  patients  are  af- 
flicted ;  severe  and  complete  paralysis  of  the  bladder  does  not 
occur  at  all,  or  only  in  the  latest  stages  of  the  disease. 

Patients  either  complain  of  slight  retention,  so  that  emptying 
the  bladder  takes  a  longer  time,  and  is  only  accomplished  by 
stronger  pressure  and  with  some  subsequent  dribbling,  or  there 
is  a  moderate  degree  of  incontinence,  so  that  when  patients  feel  a 
desire  to  urinate,  they  must  do  so  at  once,  or  the  evacuations 
of  the  bladder  occur  more  frequently,  and  sometimes  take  place 
into  the  clothes  or  bed.  It  is  but  rarely  that  patients  are  obliged 
to  have  recourse  to  the  catheter  or  to  make  provision  against  the 
constant  involuntary  flow  of  urine  and  its  ill  effects. 

After  a  longer  or  shorter  time  evidences  of  vesical  catarrh 
almost  always  show  themselves,  but  this  likewise  remains  re- 
stricted within  moderate  limits,  and  but  seldom  calls  for  direct 
interference. 

For  an  explanation  of  all  these  disturbances  we  refer  to  the 
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discussion  of  tlie  subject  at  a  previous  place  ;  still,  we  must  not 
fail  to  call  attention  to  the  fact  that  the  sclerosis  of  the  posterior 
columns  in  itself  probably  does  not  att'ord  sufficient  ground  for 
these  disturbances,  but  that,  in  order  to  explain  them,  we  must 
probably  assume  a  simultaneous  disease  of  the  gray  substance. 
But  these  are  all  matters  calling  for  still  further  examination. 

The  disturbance  of  the  functions  of  the  rectum  is  also  likely 
to  be  but  insignificant  in  tabes.  The  most  frequent  is  anaesthesia 
of  the  anus,  whereby  patients  lose  the  feeling  of  approaching  or 
actual  evacuations  of  the  bowels,  so  that  they  not  infrequently 
dirty  themselves.  True  paralysis  of  the  sphincter  probably 
occurs  only  in  the  latest  stages  of  the  disease.  ^v^^ST 

WEOiGO-CHWUUCtCAL 

Disturbances  of  the  Sexual  Functions. 

These  are  scarcely  ever  absent  in  tabes.  Weakness  is  the 
most  frequent  and  common  evidence  of  this  disturbance ;  still, 
evidences  of  abnormal  irritation  are  not  always  wanting.  At  the 
beginning  of  the  disease,  in  particular,  these  evidences  of  in- 
creased excitement  are  not  rare.  Trousseau  and  Hammond  have 
observed  increased  sexual  power  at  the  beginning  of  the  disease  ; 
Charcot,  in  one  case,  saw  satyriasis.  Not  infrequently  patients 
are  possessed  of  a  high  degree  of  sexual  excitability,  so  that 
their  passions  are  at  once  aroused  by  the  sight  or  the  innocent 
touch  of  a  woman.  But  this  increased  excitability  is  almost 
always  already  associated  with  signs  of  sexual  weakness ;  if 
patients  are  still  able  to  perform  the  act  of  coition,  they  still 
have  premature  ejaculation ;  discomfort,  a  sense  of  weakness 
and  pain  follow  the  act ;  such  patients  suffer  from  frequent  pol- 
lutions, and  cases  are  not  infrequent  in  which  a  lascivious 
thought  or  word,  or  the  mere  sight  of  a  woman,  is  enough  to 
excite  an  escape  of  semen,  which  tlien  takes  place  without  an 
erection  and  without  any  libidinous  sensation. 

More  frequently,  however,  there  is  impotence,  beginning  early 
and  increasing  rapidly.  At  first  such  patients  can  still  perform 
the  act  of  coition,  but  more  rarely,  with  less  power  and  pleasure. 
It  is  very  common  for  patients  with  tabes  to  beget  children  even 
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after  the  disease  has  lasted  for  several  years.  But  gradually 
this  power  is  more  and  more  extinguished,  erections  become 
rarer  and  weaker,  and  linally  fail  altogether.  As  a  rule,  sexual 
desire  is  at  the  same  time  more  or  less  completely  extinguished ; 
still,  there  are  cases  in  which  frequent  ]3ollutions  and  increased 
sexual  excitability  exist  together  with  complete  impotence. 

It  must  linally  be  mentioned  that  some  tabes  patients  may 
also  retain  perfectly  undiminished  sexual  power  for  a  very  long 
time. 

We  have  already  previously  intimated  (p.  137)  how  imperfect 
our  knowledge  is  as  yet  with  regard  to  the  more  exact  localiza- 
tion of  these  disturbances  within  the  spinal  cord. 

In  women  with  tabes,  disturbances  of  the  sexual  functions 
are,  as  a  rule,  not  observed.  Menstruation,  pregnancy,  and  the 
puerperal  condition  may  run  their  course  quite  normally. 

Vaso-motor  Disturbances. 

These  fall  ver}'-  much  into  the  background  in  tabes,  and  are 
but  little  studied.  In  many  cases  cold  feet  are  very  common ; 
the  occurrence  of  blue  spots  on  the  skin,  increased  or  diminished 
secretion  of  sweat,  especially  suppression  and  disappearance  of 
sweating  of  the  feet ;  sometimes  also  a  great  tendency  to  the 
occurrence  of  "goose-flesh"  {cutis  anserina).  The  more  accu- 
rate relation  of  all  these  disturbances  to  sclerosis  of  the  posterior 
columns  is  not  3^et  determined. 

Ti'opliic  Disturbances. 

These  likewise  belong  to  the  infrequent  symptoms  ;  in  fact,  it 
is  quite  striking  how  admirable  the  general  nutrition — the  nutri- 
tion of  the  muscles  and  the  skin — is  in  many  tabes  patients.  It 
is  not  until  the  final  stages  of  the  disease  that  trophic  disturb- 
ances are  frequent,  and  only  in  single  cases  that  they  occur  in 
the  earlier  and  even  in  the  initial  stage. 

On  the  skin,  eruptions  of  herpes,  of  lichen,  and  of  something 
like  pemphigus  are  to  be  observed  here  and  there.  Bed-sores 
belong  only  in  the  last  stage  to  the  ordinary  and  almost  constant 
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manifestations,  and  then  they  present  all  the  characteristics  of 
chronic  bed-sores,  as  previously  depicted  (p.  122),  and  are  amena- 
ble to  the  same  attempts  at  an  explanation. 

In  the  ordinary  and  typical  cases  the  nutrition  of  the  muscles 
remains  for  a  long  time  entirely  intact ;  tliere  are  tabes  patients 
enough  with  splendidly  develo^Ded,  hard,  and  powerful  muscles. 
Not  until  the  latest  stages,  when  there  is  already  complete 
paralysis,  do  we  often  see  a  high  grade  of  muscular  atrophy  set 
in,  which,  however,  only  represents  simple  emaciation  of  the 
muscles,  and  is  not  to  be  regarded  as  degenerative  atrophy. 

In  occasional,  rare  cases,  however,  this  complication  ajppears 
earlier,  with  a  high  degree  of  atrophy  of  single  muscles  or  of 
groups  of  muscles  (atrophy  of  the  ball  of  the  thumb,  hemi-atro- 
phy  of  the  tongue,  atrophy  of  the  calves  of  the  legs  or  the 
thighs,  etc.).  These  atrophies  are  doubtless,  in  the  majority  of 
cases,  to  be  regarded  as  degenerative  atrophy  ;  they  cannot  pos- 
sibly depend  upon  the  sclerosis  of  the  posterior  columns,  and 
their  appearance  points  with  all  certainty  to  the  fact  that  the 
pathological  process  in  the  spinal  cord  has  extended  further,  to 
motor  and  trophic  tracts.  It  is  in  the  highest  degree  probable 
(Charcot,  Voisin)  that  in  such  cases  there  is  gray  degeneration  of 
the  corresponding  portions  of  the  anterior  horns  of  gray  matter. 
The  few  cases  of  this  kind  which  have  thus  far  been  more  care- 
fully examined  with  the  naked  eye  argue  in  favor  of  this. 

Those  disturhances  of  nutrition  of  the  joints — "  arthropa- 
thies des  ataxiques" — of  which  we  have  also  previously  spoken 
(p.  126),  and  which  occur  quite  often  in  tabes,  certainly  belong 
to  the  most  remarkable  manifestations  met  with. 

This  joint  affection  generally  develops  itself  in  the  initial 
stage,  even  before  the  ataxy  is  manifest.  If  any  joint  trouble 
appears  later,  it  is  usually  in  the  upper  extremities,  when  the 
disease  spreads  to  them  ;  therefore  when  the  initial  stage  has 
been  reached  for  these  extremities.  The  joint  most  frequently 
attacked  is  the  knee-joint ;  descending  in  the  order  of  frequency, 
after  that  are  the  shoulder,  the  elbow,  the  hip-joint,  and  the 
wrist. 

In  describing  this  very  characteristic  affection  we  can  be 
brief. 
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The  scene  opens  with  a  sudden  and  high  degree  of  swelling  of 
the  joint,  caused  by  an  accumulation  of  fluid,  without  pain, 
without  redness  and  heat,  and  generally  also  without  fever? 
associated  with  this  there  is  a  great  and  often  widespread  dougliy 
swelling  of  the  surrounding  parts,  so  that  the  whole  extremity 
may  be  extensively  swollen  ;  what  is  particularly  striking  is  the 
non-sensitiveness  even  of  joints  that  are  greatly  altered  on  active 
or  passive  motion. 

If  the  joint  affection  is  of  a  benign  form  all  these  manifesta- 
tions may  disappear  again  in  the  course  of  a  few  weeks. 

Generally,  however,  the  affection  is  of  a  character  very  disas- 
trous to  the  joint ;  it  results  in  progressive  destruction  of  the 
articular  extremities,  sub-luxations  or  spontaneous  luxations  of 
the  joints,  causing  notable  deformities  ;  thus  at  the  knee-joint, 
in  particular,  an  exceedingly  striking  hyper-extension  of  the  leg 
is  produced. 

As  a  rule,  it  is  easy  to  distinguish  this  joint  affection  of  tabes 
from  rheumatic  inflammation  of  the  joints  or  from  arthritis  sicca. 

Probably  the  abnormal  friability  of  the  bones  now  and  then 
observed  belongs  in  the  same  category  of  disturbances.  In  one 
case  Charcot  saw  numerous  spontaneous  fractures  arise,  and 
Blum  found  these  to  be  occasioned  by  a  rarefying  ostitis. 

It  is  in  the  highest  degree  probable  that  these  trophic  disturb- 
ances in  the  joints  and  bones  are  of  neurotic  origin  ;  still  we 
have  as  yet  no  positiDe  demonstration  of  then-  dependence  on 
disease  of  definite  portions  of  the  spinal  cord.  Probably  disease 
of  the  gray  matter  of  the  anterior  horns  is  to  be  held  responsible 
for  it.  Charcot  and  Joffroy  at  least  found  disease  thereof  in  a 
case  of  arthropathy ;  and  in  A.  Pick '  I  find  the  notice  of  an 
observation  of  Westphal's,  in  which,  together  with  alterations  of 
the  joints,  atrophy  of  the  large  ganglion-cells  of  the  anterior 
horns  was  found.  In  another  case  Charcot,  on  the  contrary, 
found  no  changes  whatever  in  the  gray  substance,  though  there 
was  swelling  of  the  spinal  ganglia,  which  may,  therefore,  also 
possibly  have  an  influence  on  these  processes. 

We  must  finally  notice  still  another  series  of  rare  symptoms 
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of  tabes  whicli  we  enumerate  more  for  the  sake  of  completeness 
than  because  they  contribute  particularly  to  the  characterization 
of  the  disease. 

First  of  all  an  increased  frequency  oftlie  pulse  may  be  men- 
tioned, which  is  considered  by  some  authors  as  a  tolerably  con- 
stant manifestation  in  tabes ;  the  pulse  is  said  to  beat  over  a 
hundred  and  even  up  to  a  hundred  and  fifty  to  the  minute.  I 
have  no  personal  experience  in  this. 

Friedreich,  in  one  of  his  cases,  observed  profuse  sweating, 
diabetes  insipidzis  and  salivation.  Bouchard  claims  once  to 
have  found  acid  saliva. 

More  importance  attaches  to  the  gastralgic  attacJcs,  the  so- 
called  "crises  gastriques,"  which  are  by  no  means  rarely  to  be 
observed,  and  the  existence  of  which  was  first  thoroughly  estab- 
lished by  Delamarre  and  Charcot.  These  are  extremely  severe 
cardialgic  pains,  arising  in  paroxysms,  associated  with  nausea, 
retching,  vomiting,  dizziness,  sometimes  with  diarrhoea,  but  gen- 
erally with  constipation,  etc.  In  the  severest  forms  there  is 
swelling  of  the  abdomen,  rigors  amounting  to  convulsive  trem- 
bling, vomiting  of  watery  mucus  with  bile  and  blood,  very  fre- 
quent heart's  action,  etc.  These  attacks  may  last  one  day  or 
several,  and  may  return  every  couple  of  weeks,  thus  greatly  re- 
ducing the  patient.  They  may  arise  at  any  period  of  the  dis- 
ease, in  the  initial  or  the  ataxic  stage,  and  evidently  bear  the 
greatest  analogy  to  the  severe  attacks  of  lancinating  pains.  They 
may,  doubtless,  also  be  referred  to  the  same  anatomical  causes 
as  the  latter. 

The  "crises  nephretiques "  recently  described  by  Raynaud, 
which  present  the  most  exquisite  picture  of  severe  renal  colic 
and  may  cause  the  patient  fearful  torture,  evidently  show  great 
analogy  to  the  above.  They  are  to  be  distinguished  from  true 
renal  colic  by  the  longer  duration  and  more  frequent  return  of 
the  attacks,  and  especially  by  the  absence  of  all  disturbances  in 
the  urine  (admixture  of  blood,  gravel,  renal  calculi,  etc.).  The 
"rectal  and  urethral  colics,"  described  repeatedly,  doubtless 
also  belong  in  the  same  category  of  disturbances. 

The  "bronchial  crises"  first  described  by  Fereol,  attacks  oE 
spasmodic  cough,  difficulty  of  breathing  and  of  swallowing,  are 
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at  least  doubtful,  as  3^et,  so  far  as  tlieir  connection  with  tabes  is 
concerned  (Braclit).  Martin  lias  recently  described  a  case  which 
perhaps  belongs  here,  in  which  cough,  dyfepnoea,  and  convulsions 
were  observed.  In  a  case  of  tabes  in  which  there  were  attacks 
of  sulfocative  cough  (arising  spontaneously  or  on  eating),  con- 
nected with  noisy  inspiration  and  expiration,  with  tickling  in  the 
fauces,  and  difficulty  of  swallowing,  Jean  found  atrophy  of  the 
left  pneumogastric  and  recurrent  laryngeal. 

Finally,  it  may  be  mentioned  that  in  some  of  Friedreich's 
cases  dizziness  was  also  observed,  in  part  to  a  very  marked 
degree. 

Indimdual  Clinical  Forms  of  Tabes. 

For  the  present  we  must  depend  upon  clinical  observation  to 
teach  lis  the  different  forms  of  tabes,  and  liow  to  distinguish 
between  them  ;  to  demonstrate  which  forms  are  the  most  frequent 
and  common — the  typical  forms,  as  it  were ;  what  other  forms 
and  varieties  stand  next  to  them,  and  what  relation  they  all  bear 
to  allied  forms  of  disease.  Pathological  anatomy  is  as  yet  un- 
able to  perform  this  task,  in  part  because  the  pathological  anat- 
omist principally  sees  the  latest  stages  of  the  disease,  in  part 
because  he  is  not  yet  able  with  certainty  to  recognize  the  earliest 
and  lightest  grades  of  change  and  its  spread  within  the  spinal 
cord. 

The  more  abundant  the  amount  of  material  furnished  for 
clinical  observation  in  any  department  of  medicine,  and  the  more 
sharply  and  completely  we  are  able  to  recognize  and  to  fix  the 
symptom-picture  of  individual  forms  of  disease,  the  easier  will 
it  become  for  ns  to  draw  the  line  of  demarcation  between  differ- 
ent symptom-pictures,  and  the  more  readily  shall  we  be  enabled, 
in  the  frequently  confusing  multiformity  of  manifestations,  to 
distinguish  between  the  essential  and  the  non-essential,  the  regu- 
lar and  typical,  and  the  irregular  and  non-typical. 

This  has  also  been  particularly  true  with  regard  to  tabes.  No 
nerve-pathologist  of  the  present  day  would  think  of  regarding 
everything  as  tabes  which  was  so  regarded  even  ten  years  ago. 
We  have,  through  many  conflicts  and  difficulties,  it  is  true,  ob- 
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tained  a  keener  eye  for  tlie  symptom-picture  of  tabes ;  we  are 
able,  with  greater  certainty,  to  distingnisli  between  the  clean 
typical  cases  and  the  irregular,  the  complicated,  mixed,  and 
transition  forms.  We  have  progressed  far  enough  to  obtain  a 
quite  definite,  sharply-outlined  idea  of  tabes,  so  to  speak,  an 
ideal  picture  of  the  same,  which  we  regard  as  the  regular  and 
normal  one,  even  though  it  may  arise  in  numerous  varieties,  the 
connection  of  which  with  the  typical  form  is,  however,  easily 
recognizable.  Any  considerable  deviation  from  this  type  always 
at  once  indicates  an  unusual  manifestation  of  the  disease,  a  com- 
plication of  the  same,  a  combination  with  other  allied  forms  of 
disease.    And  these  deviations  occur  but  comparatively  seldom. 

Regarded  from  this  point  of  view  the  sifting  of  the  numerous 
individual  cases  of  tabes  appears  tolerably  simple.  As  far  as  we 
can  see,  there  is,  first  of  all,  a  large  group,  comprising  by  far  the 
greater  number  of  cases  of  tabes,  and  which  we  may,  thei-efore, 
regard  as  the  regular  and  typical  form  of  the  same.  This  has 
been  depicted  in  the  preceding  pages. 

Next  to  this  comes  a  far  smaller  group,  containing  fewer 
cases,  but  likewise  well  characterized  and  distinctly  deviating 
from  the  typical  form.  This  group  comprises  the  cases  of  "he- 
reditary ataxy"  described  by  Friedreich,  which  agree  among 
themselves  in  a  remarkable  manner. 

All  other  forms  may  probably  be  best  regarded  as  merely 
varieties  of  these  two  types  ;  as  cases  in  which  single  symptoms 
attain  peculiarly  prominent  significance,  or  new  and  unusual 
symptoms  appear,  or  the  signs  of  other  diseases  of  the  spinal 
cord  (or  probably  also  of  diseases  of  the  brain)  are  mixed  with 
the  symptoms  of  tabes. 

We  may  here  be  permitted  a  brief  characterization  of  these 
different  forms. 

Tlie  regular,  typical  form  of  Special  regard  lias  been 

had  to  this  in  the  preceding  pages,  and  it  therefore  only  requires 
to  be  sketched  in  very  brief  outlines. 

The  beginning  of  the  disease,  which  usually  attacks  men  dur- 
ing middle  age,  is  with  lancinating  pains ;  with  disturbances 
in  the  muscles  of  the  eyes  and  the  optic  nerves  ;  with  disturb- 
ances in  the  sensibility  and  motion  of  the  lower,  much  more 
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rarely  of  the  upper  extremities,  such  as  parcBsthesias,  the  sense 
of  a  tiglit  girdle,  slight  ancesthesias,  swaying  on  closing  the 
eyes,  a  great  feeling  of  fatigue,  and  the  fact  of  getting  tired 
soon,  loiDering  of  tlie  motor  power  and  endurance  ;  and  gener- 
ally also  wealiness  of  the  bladder  and  sexual  weakness. 

During  a  second  stage  of  the  disease,  while  the  symptoms  of 
the  first  stage  gradually  increase,  disturbance  of  the  co-ordina- 
tion of  motion — ataxy — is  added.  This  spreads  slowly  from 
above  downward.  Patients  grow  increasingly  helpless ;  there  are 
well-marked  disturbances  of  sensibility,  partial  paralysis  of  sen- 
sation, retardation  of  the  sense  of  pain,  though  rarely  complete 
anaesthesia.  Reflex  action  of  the  tendons  extinguished.  Vesical 
and  sexual  weakness  increased.  Motor  weakness  more  distinct. 
General  nutrition  still  good  ;  psychical  functions  remain  intact. 

Finally,  in  the  last  stage,  there  is  a  transition  to  true  paraly- 
sis, paraplegia,  contractures,  muscular  atrophy,  bed-sores,  pro- 
gressive cachexia,  which  finally  induces  death  with  or  without 
intercurrent  diseases. 

Naturally  there  are  numerous  deviations  from  this  general 
picture  of  disease  (although  a  strikingly  large  number  of  cases 
show  a  uniformity  extending  even  to  the  smallest  minutiae).  Of 
course,  in  many  individual  instances,  the  picture  of  the  disease 
will  assume  a  somewhat  different  form,  according  as  the  one  or 
the  other  symptom  predominates,  or  arises  earlier  or  later,  ac- 
cording to  the  slower  or  more  rapid  progress  of  the  disease  from 
the  lower  to  the  upper  extremities,  according  to  the  complica- 
tions or  rare  symptoms  that  arise  earlier  or  later.  But  the 
typical  picture  of  the  disease  will  still  always  be  recognizable  in 
its  most  essential  features. 

But  in  our  opinion  it  has  not  yet  been  possible,  on  the  ground 
of  these  differences  in  the  symptom-picture  of  tabes,  to  establish 
different  forms  of  the  same,  among  which  all  the  individual  cases 
could  be  classified.  Nor  is  it  as  yet  possible,  on  the  ground  of 
the  symptom-picture,  to  determine  whether  we  are  dealing  with 
an  infiammatory  or  a  simply  degenerative  form  of  sclerosis  of  the 
posterior  columns,  nor  to  classify  the  cases  according  to  their 
anatomical  seat  at  different  heights  within  the  spinal  cord.  To 
be  sure,  with  our  present  knowledge,  it  will  be  easy  to  distin- 
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guish  in  each  individual  case  about  how  high  the  anatomical 
process  extends  in  the  spinal  cord,  whether  the  lumbar  portion 
alone  is  involved,  or  the  dorsal  and  cervical  portions  as  well ; 
furthermore,  whether  the  cranial  nerves  are  implicated,  whether 
the  bulb  of  the  medulla  oblongata  is  likewise  affected,  etc.  After 
our  repeated  explanation  of  these  points  no  one  need  remain  in 
doubt  about  them. 

On  the  other  hand,  one  may  be  justified  in  doubting  whether 
it  is  a  possible  thing  to  determine  the  seat  of  the  disease,  not 
only  by  the  localization,  but  also  by  the  quality  of  the  symp- 
toms, and  whether  one  is  justified  in  accepting  this  accidental 
seat  of  the  disease  as  a  sufiicient  ground  for  distinguishing  dif- 
ferent forms  of  the  same. 

Remak,  in  this  way,  distinguished  not  less  than  six  forms  of  tabes,  all  of  which 
he  thought  he  could  recognize  by  certain  symptoms :  a  tabes  lumbalis,  lumbo-dor- 
salis,  dorsalis  ascendeus,  cervicalis,  basalis,  and  cercbellaris.  Cyon  has  tried  to 
simplify  tliis  division  so  far  as  to  accept  only  three  forms,  which  he  characterizes 
as  follows:  1.  Basal  form— Begins  with  disturbances  in  the  muscles  of  the  eye;  pro- 
gressive atrophy  of  the  optic  nerve ;  pupils  not  contracted ;  ataxy  always  present ; 
ansEsthesia  frequent,  especially  in  the  upper  extremities;  psychical  alterations  may 
arise.  2.  Cervical  form — Contracted  pupils;  severe,  boring  pains  in  the  extremities; 
ataxy  rare ;  the  eye  affected  only  later,  never  any  paralysis  of  the  muscles  of  the 
eye ;  always  irritability  of  the  genitals,  and  impotence.  3.  Dorsal  form — Anes- 
thesia rarely  absent ;  bladder  trouble  and  difficult  defecation  frequent ;  pains  not 
as  severe  as  in  the  first  two  forms ;  para^sthesia  and  the  sense  of  a  tight  girdle  com- 
mon ;  never  any  eye  trouble,  only  sometimes  dilatation  of  the  pupils. 

This  indefinite  characterization  of  itself  shows  that  all  possible  transitions  of 
the  individual  forms  amongst  themselves  must  take  place,  and  if  one  takes  the 
trouble  to  test  a  large  number  of  cases  with  reference  to  their  belonging  to  one  of 
the  three  groups,  lie  will  find  that  but  very  few  of  them  fit  into  the  corresponding 
mould,  but  that  most  of  them  directly  represent  transitions  between  the  different 
forms.  We  therefore  regard  it  as  a  hitherto  unsatisfactory  task  to  attempt  such  a. 
division;  it  will  suffice  to  content  ourselves  with  recognizing  tabes  as  such,  and, 
in  certain  cases,  also  with  determining  approximatively  its  more  exact  seat  att 
different  heights  within  the  spinal  cord. 

T7ie  Fricclreicli  form  of  iabes.—The  disease  is  developed  071- 
tlie  basis  of  a  hereditary  or  family  predisposition.  The  cases 
thus  far  known  are  distributed  among  three  families,  in  each  of 
which  several  brothers  and  sisters  were  attacked,  especially  the 
female  members  of  the  families.  It  begins  at  a  very  early  period 
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of  life — between  the  twelfth  and  eighteenth  years — perhaps  in 
connection  with  the  development  of  puberty  (or  with  a  congenital 
imperfect  development  of  the  spinal  cord  ?)•  Lancinating  pains 
are  very  rare  at  the  beginning  ;  motor  disturbances,  on  the  con- 
trary, occur  very  early,  quite  at  the  beginning,  in  the  form  of 
well-marked  ataxy,  which  spreads  rapidly  to  the  upper  extremi- 
ties, even  arising  simultaneously  in  the  lower  and  upper  ex- 
tremities. Co-ordinatory  disturbance  of  speech  ;  ataxic  nystag- 
mus. No  disturbances  of  sensibility,  or  but  very  late  and 
insignificant  ones;  the  sensibility  of  the  skin  and  muscles  re- 
mains quite  intact  for  many  years.  No  swaying  on  closure  of 
the  eyes.  Reflex  action  of  the  tendons  extinguished.  No  dis- 
turbance of  the  bladder  nor  bed-sores.  No  psychical  disturb- 
ance, no  tremor,  no  amaurosis.  Paresis  and  contractures,  atrophy 
of  the  muscles,  weakness  of  the  bladder,  appear  only  in  the 
latest  stages.  RemarTidbly  long  duration  of  the  affection  (reach- 
ing to  over  thirty-two  years). 

Tlie  cases  recently  described  by  Kellogg — unfortunately  in  an  extremely  imper- 
fect manner — probably  belong  here.  The  disease  was  developed  in  two  brothera, 
in  each  at  the  age  of  six  years ;  there  were  several  similar  cases  in  other  branches 
of  the  same  family. 

In  addition  to  these  well-marked  types  of  the  disease  there  are 
numerous  cases,  in  practice,  which  deviate  more  or  less  from  the 
type  without  having  to  be  thrown  out  of  tlie  general  group  of 
tabes.  We  have  already  above  called  attention  to  the  fact  that 
the  different  forms  of  chronic  myelitis,  in  which  we  also  include 
tabes,  are  by  no  means  always  sharply  separable,  but  that  they 
not  infrequently  extend  beyond  a  certain  definite  domain  in  the 
transverse  section  of  the  cord,  and  even  beyond  the  cord  itself, 
and  thus  produce  combined  and  complicated  symptom-pictures, 
the  true  significance  of  which  can  only  be  attained  through  an 
accurate  knowledge  of  the  typical  forms.  These  remarks  also 
hold  good,  to  the  fullest  degree,  for  tabes  ;  here,  too,  there  are 
numerous  complicated  and  transition  forms,  which,  however,  do 
not  possess  regularity  enough  to  justify  their  being  set  up  as  a 
well-characterized  form  of  the  disease.  A  comprehensive  and 
expert  judgment  will  very  often  be  able  to  recognize  the  typical 
germ  in  the  abnormal  symptom-picture,  and  will  correctly  grasp 
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tlie  significance  and  the  pathogenetic  basis  of  each  unusual  and 
complicating  symptom.  These  remarks  may  sufRce  to  call  at- 
tention to  these  irregular  forms,  to  only  a  few  of  which  we  can 
cursorily  allude.  Sometimes  it  will  be  simply  impossible  to 
establish  a  clear-cut  diagnosis  of  any  customary  form  of  the  dis- 
ease, but  we  shall  have  to  content  ourselves  with  establishing  the 
existence  of  a  more  or  less  irregularly  localized  and  extended 
chronic  myelitis.  y 

In  a  certain  number  of  cases  manifestations  of  motor  weakness 
and  paresis  come  into  prominence  very  earh^,  while  the  ataxy  is 
less  pronounced,  but  the  other  symptoms  are  as  usual  ;  in  this 
way  symptom-pictures  may  be  reached  which  suggest  paraplegia 
— emaciation  and  atrophy  of  the  legs  may  become  associated 
with  it.  In  such  cases  one  doubtless  has  a  right  to  suppose  an 
early  involvement  of  the  lateral  columns  and  the  anterior  gray 
substance,  both  of  which  conditions,  indeed,  have  been  anatomi- 
cally demonstrated  repeatedly. 

In  other  cases  the  lancinating  pains  stand  forth  with  strik- 
ing prominence  in  the  picture  of  the  disease  ;  they  are  for  a  long 
time  the  only  and  afterwards  certainly  the  most  tormenting  mani- 
festation, and  arise  during  the  whole  course  of  the  disease,  some- 
times in  rarer,  sometimes  in  more  frequent  paroxj^^sms.  which,  by 
tlieir  intensity  and  duration  and  the  other  symptoms  associated 
with  them,  may  become  an  excessive  torment  to  the  patients. 
The  attempt  has  been  made  to  organize  these  cases  into  a  separate 
form,  "  tabes  dolorosa,"  and  Remak  especially  claims  this  char- 
acter for  his  "cervical  form"  of  tabes.  We  have  not  yet  been 
able  to  satisfy  ourselves  that  this  is  justifiable ;  we  have  ob- 
served such  severe  and  repeated  attacks  of  pain  occasionally  in 
most  of  the  forms  of  tabes. 

In  other  instances,  again,  manifestations  of  pain  in  tJie  hack, 
spinal  sensitiveness,  circumscribed  or  diffuse  cutaneous  liyper- 
cesthesia,  and  the  like,  are  extremely  prominent,  and  in  such 
cases  one  is  doubtless  justified  in  thinking  of  a  meningitic  com- 
plication of  tabes.  The  relations,  of  sclerosis  of  the  posterior 
columns  to  the  accompanying  spinal  meningitis  may  be  very 
varied,  and  thus  a  great  variability  may  appear  in  the  individual 
cases  belonging  under  this  head. 
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Finally,  it  is  not  rare  for  tabes  to  be  complicated  with  psycJd- 
cal  disturhances,  as  has  already  previously  been  intimated ; 
here,  too,  the  most  varied  combinations  may  arise.  We  may  not 
make  special  forms  of  tabes  out  of  these,  but  must  simply  con- 
clude that  the  occurrence  of  the  psychical  disturbance  signifies 
nothing  more  than  a  disturbance  in  the  brain,  which  is  added  to 
the  disease  in  the  spinal  cord. 

We  might  give  many  more  similar  hints  with  regard  to  ir- 
regular forms  of  tabes,  but  it  would  be  superfluous.  We  only 
wish  once  more  to  emphasize  the  fact  that  these  irregular,  com- 
plicated cases  of  tabes  constitute  decidedly  the  minority  over 
against  the  regular,  typical  forms  of  the  disease. 

Course — Duration — Terminations. 

With  regard  to  the  method  of  development  and  course  of 
tabes,  we  have  but  little  to  add  to  what  appears  from  the  general 
description  of  the  disease. 

Tabes  is  a  disease  of  a  remarkably  chronic  course,  and  it  seems 
to  us  extremely  questionable  whether  what  has  of  late  repeatedly 
been  described  as  "acute  ataxy"  has  any  relation  whatever  to 
tabes  and  to  sclerosis  of  the  posterior  columns. 

The  development  of  the  trouble  is  accordingly  slow,  chronic, 
extending  over  months,  not  rarely  over  a  whole  series  of  years. 
Only  in  rare  cases  has  the  disease  hitherto  been  seen  to  develop 
itself  so  far  within  a  few  weeks  or  months  as  that  a  positive 
diagnosis  could  be  made.  Generally,  however,  we  observe  the 
slow  development  described  above,  the  rise  of  single  symptoms 
which  remain  isolated  for  a  long  time,  to  which  others  are  grad- 
ually associated,  until  in  the  course  of  months  and  years  the  pic- 
ture of  the  disease  is  complete.  This  development  usually  begins 
in  the  lower  extremities ;  still,  single  cases  have  also  been  ob- 
served in  which  the  upper  extremities  were  first  and  prominently 
attacked  with  the  symptoms  of  tabes  (Vossius).  In  not  alto- 
gether rare  instances  a  unilateral  development  may  also  be  ob- 
served, and  the  existence  for  a  longer  period  of  exclusively  or 
mainly  unilateral  manifestations. 

When  the  disease  has  once  become  developed,  its  further 
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course  usually  leads  slowly  from  bad  to  worse.  More  or  less 
rapidly  the  intensity  of  the  individual  symptoms  increases,  new 
symptoms  arise,  and  the  condition  of  the  patient  grows  ever 
more  deplorable. 

This  does  not  exclude  the  possibility  of  more  or  less  consider- 
able fluctuations  :  slight  or  even  considerable  improvement  may 
go  on  for  months  and  years,  then  again  to  give  place  to  an  unfa- 
vorable change ;  during  the  summer  patients  feel  better  and  more 
comfortable,  while  the  winter  always  makes  them  worse  again. 
Generally,  however,  the  evil  influence  of  winter  outweighs  the 
good  of  summer  ;  it  is  but  very  rarely  that  the  tendency  to  im- 
prove gains  the  upper  hand,  and  the  patients  then  advance  grad- 
ually towards  recovery. 

A  prolonged  arrest  of  the  disease  is  quite  common  in  tabes ; 
when  it  has  reached  a  certain  point  of  development,  when  it 
has,  perhaps,  progressed  so  far  as  to  compel  the  patient  to  use  a 
rolling-chair,  he  will  be  seen  remaining  in  about  the  same  con- 
dition for  years,  and  even  for  decades,  dragging  out  a  miserable 
existence,  often  with  tolerable  cheerfulness  and  resignation. 

These  arrests  may  then  occasionally  be  interrupted  by  exter- 
nal influences  and  injuries  (by  taking  cold,  by  an  emotional  dis- 
turbance, a  disastrous  attempt  at  a  bath-cure,  mistaken  thera- 
peutic measures,  or  the  like),  and  the  occasion  be  given  for 
renewed  and  more  rapid  progress  of  the  disease.  This,  of  course, 
varies  exceedingly  in  different  cases. 

The  duration  of  the  disease  is  generally  very  considerable, 
and  is  always  to  be  counted  by  years,  and  sometimes  by  de- 
cades. Even  the  initial  stage  may  last  for  twenty  years,  and 
there  are  single  cases  in  literature  where  patients  have  lived  over 
thirty  and  thirty-two  jj-ears  after  the  first  beginning  of  the  dis- 
ease. With  regard  to  many  such  cases,  it  may  be  said  that  the 
duration  of  the  disease  cannot  be  determined  ;  that  the  malady, 
having  once  become  stationary,  only  reaches  its  end  with  the 
natural  termination  of  life,  brought  about  by  some  intercurrent 
disease  or  the  weakness  of  age.  This,  however,  only  holds  good 
for  a  minority  of  the  cases ;  in  the  majority  of  typical  cases  of 
tabes,  it  may  be  said  that  the  disease  puts  a  limit  to  the  life  ot 
the  patient  in  the  course  of  a  few  years  (about  six  to  ten  or 
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twelve  years),  either  because  its  progress  within  the  spinal  cord 
directly  threatens  life,  through  bed-sores,  cystitis,  troubles  of 
respiration,  bulbar  symptoms,  and  the  like,  or  because  the  dis- 
ease causes  a  diminished  resistance  of  the  individual  to  intercur- 
rent illnesses  (infectious  diseases,  pneumonia,  dysentery,  etc.), 
which  bring  about  death. 

Among  the  terminations  of  tabes,  that  in  recovery  is  certainly 
the  most  rare.  In  quite  recent  and  light  cases,  in  particular, 
under  appropriate  treatment,  one  may  sometimes  see  things 
change  for  the  better  and  recovery  set  in.  I  have  repeatedly 
seen  this  take  place  in  the  initial  stage  ;  to  be  sure,  the  doubt 
may  then  always  arise  whether  it  really  was  a  case  of  beginning 
tabes,  as  long  as  there  was  no  ataxy  yet  present.  Still,  I  am  in 
possession  of  two  such  cases,  which  I  was  obliged  with  great 
positiveness  to  regard  as  beginning  tabes,  because  the  initial 
symptoms  were  very  distinctly  present  (lancinating  pains,  parses- 
thesise,  swaying  on  closing  the  eyes,  weariness  and  diminished 
endurance,  vesical  and  sexual  weakness,  etc.),  and  which  have 
now  been  entirely  cured  for  a  number  of  years.  But  even  where 
the  disease  is  fully  developed,  we  may,  although  very  rarely, 
see  recovery  take  place,  or  an  improvement  bordering  on  recov- 
ery. I  am  likewise  in  possession  of  two  cases  which  demonstrate 
this.  In  the  one  there  were  lancinating  pains,  unsteadiness, 
weariness  and  distinct  ataxy  of  the  legs,  parsesfchesia  in  the 
domain  of  the  ulnar  nerve,  and  vesical  weakness.  After  the 
malady  had  lasted  for  several  years,  the  patient  recovered  com- 
pletely, with  the  exception  of  slight  vesical  weakness,  and  for 
the  past  few  years  has  attended  to  his  duties  as  a  civil  function- 
ary, without  suffering  any  inconvenience.  The  other  case  was 
that  of  a  naval  officer,  in  whom  the  disease  was  farther  advanced. 
He  suffered  from  parsesthesia  and  slight  anaesthesia  of  the  legs, 
diplopia,  distinct  ataxy  and  weariness  of  the  legs ;  could  not 
walk  without  being  led  ;  had  a  high  degree  of  vesical  weakness 
(incontinence,  with  cystitis),  etc.  After  systematic  treatment  for 
two  years,  he  was  so  far  restored  that  he  marched  for  three  or 
four  hours,  could  retain  his  urine  for  five  or  six  hours,  showed 
no  disturbance  of  sensibility,  got  married,  and  has  now  for  two 
years  served  as  commander  of  an  iron-clad  frigate. 
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I  could  make  still  further  reports  of  similar,  if  not  as  well- 
marked  instances  of  improvement.  Since  Remak's  celebrated 
case,  other  observers  also  have  now  and  then  been  able  to  report 
cures  of  actual  tabes. 

There  cannot,  therefore,  be  the  slightest  doubt  that  in  a  cer- 
tain, though  very  small  per  cent,  of  all  cases  of  tabes,  recovery 
actually  follows. 

Far  more  frequently  patients  must  content  themselves  with  a 
slight  and  moderate  improvement,  or  an  arrest  of  the  malady  ; 
and  this,  too,  is  a  result  which  does  not  constitute  the  rule,  but 
is,  likewise,  only  reached  in  a  certain  number  of  cases. 

As  a  rule,  however,  this  trouble  is  of  a  decidedly  progressive 
character,  its  tendency  being  slowly  to  grow  worse.  The  final 
fatal  termination  may  then  be  brought  about  in  various  ways, 
as  follows : 

The  disease  in  its  progress  may  lead  to  paraplegia,  to  cystitis 
and  bed-sores,  with  their  results,  and  the  patient  then  dies  from 
increasing  cachexia  under  the  picture  of  severe  spinal  paralysis. 
In  that  case  we  usually  see  a  very  protracted  death-struggle, 
and  not  rarely,  during  the  last  days,  severe  cerebral  symptoms, 
coma,  delirium,  etc.,  under  which  life  is  extinguished. 

Or,  in  its  progress  upward,  the  disease  leads  to  symptoms 
which  directly  threaten  life,  to  disturbances  of  respiration,  suf- 
focative attacks,  difficulty  of  swallowing,  etc.,  and  thus  causes 
death. 

Or,  finally,  some  intercurrent  disease  (typhus,  pneumonia, 
diphtheria,  cholera,  pulmonary  phthisis,  etc.)  brings  about  the 
end.  It  is  remarkable  that  so  many  tabes  patients  succumb  to 
typhus ;  still  this  might  in  part  be  explained  by  the  fact  that 
their  long  sojourn  in  hospitals  more  frequently  exposes  such 
patients  to  the  danger  of  infection. 

We  have  here  but  little  to  say  on  this  point.  By  the  theory 
of  tabes  we  understand  not  merely  the  theory  of  ataxy,  which  is 
but  a  single  symptom  of  the  same,  but  the  reference  of  the  whole 
symptom-picture  to  definite  anatomical  changes  in  the  spinal 
C(?7yZ— the  demonstration  that  a  certain  definite  method  of  devel- 
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opment  and  form  of  symptoms  stand  in  a  causal  relation  to  a 
certain  definite  kind  and  localization  of  anatomical  changes. 

We  have  been  obliged  in  a  number  of  places  to  point  out  the 
fact  that  we  are,  as  yet,  still  far  from  having  reached  tliis  goal ; 
we  still  lack  the  positive  evidence  of  a  whole  array  of  single 
facts  which  belong  to  a  theory  of  the  disease.  We  may  there- 
fore here  only  briefly  touch  upon  those  views  which  are  now  cur- 
rent, and  upon  the  most  satisfactory  hypothesis  of  tabes,  at  the 
same  time  indicating  the  gaps  which  they  contain  and  the  objec- 
tions which,  as  yet,  may  be  urged  against  them. 

The  view  of  some  authors,  which  was  advocated  with  special 
zeal  b}''  Trousseau,  that  tabes  is  merely  a  functional  disease — a 
pure  neurosis,  and  that  the  anatomical  changes  are  merely  sec- 
ondary results  of  this  neurosis  and  not  necessary  causes  of  the 
same,  is  absolutely  no  longer  tenable  in  view  of  the  entire  una- 
nimity of  all  more  recent  anatomical  discoveries.  Tabes  is  with- 
out doubt  an  organic  disease  of  the  spinal  cord. 

The  general  opinion  at  present  is  undoubtedly  to  the  effect 
that  the  sclerosis  of  the  white  posterior  columns  is  the  only 
essential,  and  in  many  cases  also  the  exclusive  alteration  of  the 
spinal  cord  in  tabes,  and  that  it  is  abundantly  sufficient  to  ac- 
count for  all,  or  at  least  for  the  most  essential  symptoms  ;  and 
that  only  a  part  of  the  symptoms  is  brought  about  through  a 
simultaneous  localization  of  the  disease  in  certain  cerebral  nerves 
and  districts  of  the  brain. 

The  advocates  of  this  doctrine  explain  the  lancinating  pains 
by  the  irritation  of  the  sensitive  root-fibres  and  their  virtual  pro- 
longations within  the  posterior  columns ;  the  paresthesias  and 
ansesthesias  by  disease  of  the  ascending  sensitive  fibres  in  the 
posterior  columns  ;  the  disturbances  of  co-ordination  by  affection 
of  the  co-ordinatory  tracts  presumed  to  lie  within  the  posterior 
columns ;  and  they  only  concede  the  gradual  extension  of  the 
process  to  the  neighboring  portions  of  the  lateral  columns  to 
explain  the  motor  paresis  and  paralysis  which  arise  late.  Va- 
rious other  symptoms,  the  vesical  weakness,  the  sexual  weak- 
ness, the  trophic  disturbances,  etc.,  thus  remain  silently  unex- 
plained ;  and,  altogether,  the  certainty  with  which  the  disease 
of  the  posterior  columns  is  made  responsible  for  so  many  differ- 
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ent  kinds  of  symptoms  is  in  remarkable  contrast  to  the  perfect 
uncertainty  in  which  physiologists  find  themselves,  in  spite  of 
numerous  experiments,  with  regard  to  the  function  of  these  very 
posterior  columns. 

There  are  not  a  few  serious  doubts  in  the  way  of  accepting 
this  exclusive  reference  of  the  tabes  symptoms  to  the  disease  of 
the  posterior  columns.  In  the  most  extensive  degeneration  of 
GoU's  columns  the  specific  tabes  symptoms  are  liable  to  be  regu- 
larly wanting ;  very  extensive  degeneration  of  the  posterior  col- 
umns has  been  observed  without  the  symptom -picture  of  tabes; 
and  although  the  symptom-pictures  of  the  few  hitherto  known 
cases  of  primary  sclerosis  of  the  columns  of  Goll  do  not  seem  to 
agree  among  themselves,  still  they  also  differ  from  the  symptom- 
picture  of  tabes.  (Pierret  found  parsesthesia  and  slight  anaes- 
thesia, difficulty  of  walking,  the  impulse  to  run  forward,  a  high 
degree  of  weariness,  swaying  on  closing  the  eyes,  no  ataxy.  Du 
Castel,  on  the  contrary,  paraparesis,  trembling,  and  amblyopia, 
but  no  anaesthesia  and  no  ataxy.) 

It  has,  therefore,  been  found  necessary  to  admit  that  Goll's 
columns  have  nothing  immediately  to  do  with  the  actual  tabes 
symptoms,  but  that  other  portions  of  the  transverse  section  of 
the  posterior  columns  must  be  diseased  if  the  symptom-picture 
of  tabes  is  to  arise.  Charcot  and  Pierret  have  endeavored  accu- 
rately to  establish  the  fact  that  in  tabes  the  disease  always  first 
attacks  the  lateral  ribbons  of  the  posterior  columns,  and  that  the 
lancinating  pains  and  the  parsesthesias  are  the  expression  of  this 
initial  disease.  If  the  affection  extends  from  here  outward  and 
inwards,  then  there  is  ataxy  (according  to  Charcot,  the  co-ordina- 
tory  fibres  are  supposed  to  lie  in  the  external  halves  of  tlie  pos- 
terior columns,  between  the  inner  root-bundles) ;  if  the  affection 
extends  to  the  gray  posterior  horns  and  the  posterior  roots,  a 
high  degree  of  anaesthesia  is  produced;  its  extension  to  the 
lateral  columns  causes  manifestations  of  motor  weakness  and 
paralysis,  while  its  extension  to  Goll's  columns  is  betrayed  by 
no  new  symptoms. 

This  view  has  something  very  seductive  about  it,  and  is  also 
materially  supported  by  a  number  of  beautiful  observations. 
Perhaps  it  could  be  opposed  by  but  one  remarkable  observation 
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recently  reported  by  F.  Schultze.*  Here  there  was  (probably 
secondary)  degeneration  of  the  external  ribbons  of  tlie  posterior 
columns,  which,  it  is  true,  manifested  itself  only  by  disappear- 
ance of  the  axis-cylinders,  not  by  proliferation  of  connective  tis- 
sue simultaneously  with  a  sarcoma  oC  the  corpus  callosum ; 
during  life  there  were  no  symptoms  of  tabes,  especially  no  ataxy. 

It  will  be  seen  that,  for  the  explanation  of  important  symp- 
toms of  tabes,  Charcot  himself  admits  a  more  or  less  extensive 
participation  on  the  part  of  the  gray  substance  and  of  the  lateral 
columns.  Indeed,  according  to  all  that  we  know  of  the  func- 
tions of  the  spinal  cord,  the  theory  of  an  exclusive  disease  of  the 
posterior  columns  can  hardly  be  maintained.  Thus,  for  instance, 
the  retardation  of  the  sensation  of  pain,  which  is  so  frequent, 
and  the  partial  paralysis  of  sensation,  argue  with  great  proba- 
bility in  favor  of  a  disease  of  the  gray  substance.  C.  Lange 
believes  that  the  excentric  pains  are  also  produced  through  irri- 
tation of  the  sensitive  tracts  within  the  gray  substance;  the 
vesical  and  sexual  weakness,  the  articular  troubles  and  other  tro- 
phic disturbances,  likewise  point  to  a  lesion  of  the  gray  substance. 
The  motor  paresis  and  paralysis  can  hardly  be  explained  other- 
wise tban  through  disease  of  the  lateral  columns  or  of  the  ante- 
rior gray  horn,  and  the  oft-cited  case  of  Spaeth-Sclmeppel  only 
admits  of  the  conclusion  that  the  co-ordinatory  tracts  of  the 
spinal  cord  also  do  not  lie  in  the  posterior  columns. 

All  these  facts  favor  the  view  that  the  typical  form  of  tabes 
does  not  depend  exclusively  upon  disease  of  the  posterior  col- 
umns of  the  spinal  cord,  hut  that  other  parts  in  the  mcinity 
of  the  posterior  columns  must  also  he  involved  in  the  disease. 

We  would  announce  the  following  as  for  the  present  the  most 
probable  theoretical  view  of  the  disease  of  the  spinal  cord  in  tabes, 
a  view  which  is  still  to  be  tested  by  further  investigations.  The 
affection  begins  in  the  posterior  columns,  and  probably  always  in 
the  external  portions  of  the  same  (regions  des  bandelettes  ex- 
ternes),  and  thus  causes  the  symptoms  of  the  initial  stage ;  it 
spreads  from  here  longitudinally  and  transversely  ;  its  extension 
longitudinally  is  caused  by  the  advance  of  the  disease  from  below 
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upward  ;  its  extension  laterally  is  at  first  caused  by  the  fact 
that  a  secondary  degeneration  of  Goll's  colamns  is  gradually 
added  to  the  primary  affection  of  the  fasciculi  cuneati  [Keil- 
striinge],  whereby  the  peculiar  and  charateristic  gross  anatomical 
picture  of  tabes  is  caused.  The  direct  transverse  extension  of  the 
disease  to  the  neighboring  gray  posterior  horns  and  the  contigu- 
ous portions  of  the  lateral  columns  may  explain  the  later,  more 
severe  disturbances  of  sensibility,  the  disturbance  of  coordination, 
the  motor  paresis  and  paralysis,  the  vesical  and  sexual  weakness. 
This  leaves  it  still  to  be  more  accurately  determined  to  what  part, 
in  particular,  the  lesion  must  extend  in  order  to  produce  the 
single  disturbances  of  function  named. 

We  believe  that  a  hopeful  field  for  further  investigations  and 
observations  is  here  presented ;  probably  much  may  still  be  arrived 
at  by  careful  attention.  We  must  not  be  satisfied  with  the  con- 
ditions found  in  the  posterior  columns,  and  which  readily  strike 
the  eye,  but  must  above  all  things  cultivate  the  methods  for  the 
examination  of  the  gray  substance,  which  as  yet  are  very  crude  ; 
at  all  events,  it  is  not  until  then  that  we  shall  be  able  to  say,  with 
greater  confidence,  whether  the  lesion  is  confined  to  the  posterior 
columns  or  not,  and  how  far  it  regularly  extends  beyond  this. 

The  determination  of  the  extent  of  the  lesion,  as  to  space,  will 
be  the  easier  task.  Then,  however,  the  more  difiicult  question 
still  remains  for  solution  as  to  the  essential  character  of  the 
pathological  process  ;  whether  it  is  an  inflammation  or  not, 
whether  parenchymatous  or  interstitial  inflammation,  etc.  We 
need  not  travel  over  this  ground  again.  But  it  is  evident  that 
the  theory  of  tabes  cannot  be  complete  until  these  questions  also 
have  been  answered. 

For  the  present  we  can  only  designate  this  as  a  peculiar  form 
of  disease  with  a  special  tendency  to  localization  in  definite  por- 
tions of  the  nervous  system  (posterior  columns,  certain  cranial 
nerves),  and  to  extension  chiefly  in  certain  tracts  which,  anatomi- 
cally and  physiologically,  to  a  certain  degree  belong  together. 

Diagnosis. 

If,  under  the  name  of  tabes,  we  understand  only  that  form  of 
disease  defined  and  explicitly  described  in  the  foregoing  pages, 
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tlien  its  diagnostic  recognition,  as  a  rule,  offers  no  serious  dif- 
ficulties. The  typical  cases,  in  particular,  are  very  easy  to 
recognize,  and  are  distinguished,  in  quite  a  characteristic  man- 
ner, from  the  remaining  chronic  spinal  affections.  When  in  such 
a  case  of  disease,  disturbances  in  sensitive  domains  (lancinating 
pains,  parsestliesife  in  the  extremities,  sense  of  a  tight  girdle, 
sense  of  weariness,  etc.)  and  symptoms  on  the  part  of  certain 
cranial  nerves  have  gone  before,  when  diminished  endurance  and 
precision  of  motor  efforts  appear,  when  vesical  and  sexual  weak- 
ness are  noticed,  when  objective  examination  shows  a  distinct  dis- 
turbance in  the  co-ordination  of  movements,  while  there  is  but 
very  slight  motor  paresis  or  none  at  all,  when  the  different  kinds 
of  sensation  seem  to  be  more  or  less  disturbed,  when  swaying  or 
closure  of  the  eyes  appears,  when  the  reflex  action  of  tendons 
fails,  etc.,  then  the  typical  form  of  tabes  can  be  easily  and  posi- 
tively recognized. 

Nor  will  it  be  any  less  easy  to  diagnosticate  with  certainty 
the  Friedreich  form  of  tabes,  after  the  .description  already  given  '  1 
above  (page  693). 

To  be  sure,  such  a  clear  and  significant  symptom-picture  does 
not  exist  in  all  cases,  and  one  will  often  meet  with  serious  diag- 
nostic difficulties  in  those  obscure,  complicated  cases  which  occur 
not  rarely,  in  which  the  affection  extends  a  greater  or  less  dis- 
tance beyond  its  usual  limits,  in  cases  which  are  complicated 
with  meningitis,  with  affections. of  the  gray  substance,  the  ante- 
rior and  lateral  columns.  We  have  already  stated  repeatedly 
that  transition- forms  between  the  different  classes  of  chronic 
myelitis  are  not  rare ;  and  we  here  once  more  declare  that  it  is 
of  less  consequence  to  force  an  individual  case  of  disease  into  a 
definite  diagnostic  scheme  than  to  conceive  as  clear  a  picture  as 
possible  of  the  anatomical  changes  actually  before  one,  as  to 
their  seat  and  extent,  even  though  these  may  not  exactly  fit 
into  the  typical  mould  of  tabes,  or  of  any  other  form  of  chronic 
m3^elitis.  If  one  holds  to  this,  he  will  find  himself  in  a  com- 
paratively safe  position,  even  over  against  the  irregular,  compli- 
cated forms  of  tabes  which  are  difficult  to  classify. 

One  of  the  most  difficult  matters,  and  at  the  same  time  one  of 
the  highest  practical  importance,  is  the  recognition  of  tahes  at 


TABES  DOKSALIS. 


its  commencement,  in  the  earliest  stages  of  its  development.  We 
will  here  merel}^  emphasize  the  fact  that,  in  this  stage,  attention 
is  especially  to  be  directed  to  the  lancinating  pains — often  too 
little  regarded  by  the  patient, — to  any  symptoms  that  may  be 
present  on  the  part  of  certain  cranial  nerves,  to  parsesthesias  of 
various  kinds,  e.  g.,  the  sense  of  a  tight  girdle,  and  especially 
parfcsthesia  in  the  domain  of  the  ulnar  nerve.  It  should  also  be 
borne  in  mind  that  slight  swaying  on  closing  the  eyes — the  only 
disturbance  of  sensibility  recognizable  on  careful  examination, — 
that  a  great  sense  of  weariness  and  a  certain  unsteadiness  in  per- 
forming the  most  difficult  and  complicated  movements,  as  well 
as  the  failure  of  the  reflex  action  of  tendons,  that  slight  weak- 
ness of  the  bladder,  dribbling  of  urine  after  micturition,  and  dis- 
turbances of  the  sexual  organs,  are  often,  at  an  early  period, 
noteworthy  indications  of  the  severity  of  the  disease  which  is 
Just  beginning.  The  greater  the  number  of  these  symptoms  that 
exist  at  once,  the  more  distinctly,  in  particular,  disturbances 
of  motility  and  sensibility  can  be  objectively  demonstrated,  the 
more  probable  is  the  diagnosis  of  tabes.  In  this  way,  also,  the 
distinction  is  easy  between  this  disease  and  neurasthenia  spinalis, 
which  bears  some  resemblance  to  the  earliest  stages  of  tabes 
(compare  page  379).  At  the  same  time,  in  not  a  few  such  cases 
of  beginning  tabes  the  patient  will  have  to  be  observed  for  some 
time  before  even  a  probable  diagnosis  can  be  made. 

Among  the  other  chronic  spinal  diseases  which  may  come 
into  question  in  the  diagnosis  of  tabes,  we  may  speak  of  the  fol- 
lowing : 

Common  clironic  myelitis  (transverse,  etc.)  will,  as  a  rule,  be 
easily  distinguished.  Here  the  picture  of  the  disease  is  essen- 
tially characterized  by  paralysis  of  all  the  spinal  functions, 
motor  and  sensitive  paralysis,  which  generally  shows  a  sharp  line 
of  demarcation  at  its  upper  limit ;  no  ataxy  ;  on  the  other  hand, 
quite  commonly  spasms,  muscular  tension,  contractures,  greatly 
heightened  reflex  action  of  the  skin  and  tendons ;  furthermore, 
actual  paralysis  of  the  bladder,  often  with  cystitis ;  a  tendency 
to  the  early  formation  of  bed- sores.  And  even  the  initial  stage 
of  chronic  myelitis  will  generally  be  easy  to  distinguish  from  the 
beginning  of  tabes,  by  the  absence  of  lancinating  pains  and  of  the 


606   ERB. — DISEASES  OE  THE  SPINAL  COKD  A2\D  ITS  ENVELOPES. 

cranial  nerve  symptoms,  and  by  the  early  appearance  of  paretic 
symptoms. 

There  may  occasionally  be  some  trouble  in  distinguishing  this 
affection  from  multiple  sclerosis,  inasmuch  as,  when  the  foci  are 
situated  in  the  posterior  columns,  tabes  symptoms  may  also 
arise.  On  careful  observation,  however,  the  diagnosis  can  gener- 
ally be  easily  made,  as  cerebro-spinal  sclerosis  presents  a  picture 
of  disease  much  richer  in  symptoms  and  much  more  complicated 
than  tabes.  The  following  sjnuptoms  may  be  regarded  as  par- 
ticularly significant  of  multiple  sclerosis,  and  should,  there- 
fore, engage  our  attention :  great  dizziness,  headache,  psychical 
disturbances,  early  nystagmus,  scanning  speech  (which  can  be 
distinguished  from  the  ataxic  disturbance  of  speech  of  the  Fried- 
reich patients) ;  the  characteristic  tremor  on  voluntary  movement, 
the  pareses,  paralyses,  muscular  tensions,  contractures,  increased 
reflex  action  of  tendons,  etc.,  in  the  lower  extremities,  which  are 
always  present,  and  the  apoplectic  attacks. 

The  Friedreich  form  of  tabes,  too,  which  bears  a  certain  re- 
semblance to  multiple  sclerosis,  on  account  of  the  nystagmus,  the 
disturbance  of  speech,  and  the  static  ataxy  of  the  muscles  of  the 
trunk,  can  generally  be  distinguished  from  the  latter  disease  on 
the  ground  of  the  symptoms  named. 

The  differential  diagnosis  between  tabes  and  spasmodic  spinal 
paralysis  {lateral  sclerosis),  the  aggregation  of  spinal  symptoms 
described  by  me  (compare  the  following  section.  No.  18),  is  very 
easy ;  the  latter  is  characterized  by  paresis  and  paralysis,  with 
muscular  tension  and  contractures,  with  greatly  increased  reflex 
action  of  the  tendons,  and  by  the  absence  of  ataxy,  of  disturb- 
ances of  sensibility  and  of  the  bladder,  of  lancinating  pains,  of 
cranial  nerve  lesions,  etc. 

The  question  of  distinguishing  tabes  from  affections  of  the 
cerebellum  has  greatly  occupied  authors,  and  sometimes  offers  no 
little  difficulty.  The  evidences  of  cerebellar  trouble  are :  frequent 
and  severe  headache,  especially  in  the  back  of  the  head,  occa- 
sional vomiting,  and  general  convulsions,  a  staggering  gait,  like 
that  of  a  drunken  man,  reminding  one  of  ataxy,  but  not  identi- 
cal with  it,  sometimes  a  straddling  gait,  or  an  impulse  to  walk 
backward,  diplopia,  and  amaurosis.   On  the  other  hand,  in  cere- 
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bellar  affections  there  are,  as  a  rule,  no  lancinating  pains,  no 
disturbances  of  sensibility,  no  vesical  or  sexual  weakness.  By 
these  means  a  diagnosis  can  be  made  in  most  cases. 

As  a  rule,  tabes  can  be  easily  distinguished  from  clironic 
spinal  meningitis;  in  some  few  cases,  however,  this  cannot  be 
done,  because  the  latter  is  occasionally  complicated  with  tabes. 
The  evidences  in  favor  of  meningitis  are  the  pains  in  the  back 
which  may  exist,  and  the  stiffness  of  the  back,  the  sensitiveness 
of  the  spinous  processes  to  pressure,  the  more  or  less  uniform 
but  not  very  extreme  sensitive  and  motor  paresis,  the  absence  of 
ataxy,  etc. 

The  difference  between  progressive  cerebral  paralysis  and 
tabes  will  be  apparent  by  the  absence,  in  the  latter,  of  the  dis- 
turbances of  speech  and  psychical  changes  which  are  character- 
istic of  the  former.  Those  cases  in  which  the  two  forms  of  dis- 
ease are  combined,  whether  the  psychosis  is  added  to  the  latter 
histoiy  of  tabes,  or  whether  symptoms  of  tabes  arise  during  the 
course  of  progressive  paralysis,  will  call  for  a  special  exercise  of 
judgment,  and  will,  as  a  rule,  not  be  hard  to  interpret  aright. 

Prognosis. 

Tabes  dorsalis  is,  under  all  circumstances,  a  very  serious  dis- 
ease, although,  indeed,  its  prognosis  is  not  quite  so  hopeless  as 
it  was  once  thought  to  be  by  Eomberg.  It  is  certainly  not  quite 
as  unfavorable  as  the  prognosis  of  multiple  sclerosis,  or  even  as 
that  of  simple  transverse  chronic  myelitis. 

Although  in  the  great  majority  of  cases  the  disease  is  more 
or  less  continuously  progressive,  advancing  to  an  unfavorable 
termination,  still  a  certain  number,  even  though  it  be  but  a  small 
number,  of  cases  end  in  recovery.  In  many  instances  at  least 
a  certain  degree  of  improvement  takes  place,  and  the  malady 
remains  at  a  stand-still  for  years.  If  the  disease  is  at  all  well  de- 
veloped, it  is  hardly  to  be  supposed  that  the  anatomical  changes 
can  recede. 

It  is  always  a  question  of  a  disease  of  long  duration— and  this 
is  at  least  a  comfort  to  many  patients  ;  however  variable  it  may 
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be  in  individual  cases,  a  number  of  years  always  elapse,  often 
many,  very  many  years  before  the  fatal  termination.  The  slower 
the  development  of  the  disease,  the  better  the  general  condition, 
the  slighter  the  disturbance  of  sensibility,  the  less  there  is  of  a 
neuropathic  predisposition,  the  longer,  as  a  rule,  will  be  the 
duration  of  the  disease. 

The  judgment  of  each  individual  case,  with  regard  to  the 
prognosis,  is  generally  very  difficult ;  even  one  who  has  a  rich 
experience  in  such  matters  will  be  able  to  give  but  an  uncertain 
verdict.  The  prognosis  is  favorably  influenced  by  the  absence 
of  a  neuropathic  predisposition  and  hereditary  causes,  by  the 
absence  of  previous  sexual  excesses,  by  a  very  slow  development 
and  moderate  intensity  of  the  symptoms,  by  but  slight  disturb- 
ances of  sensibility,  rare  and  moderate  lancinating  pains,  by  the 
favorable  effect  of  certain  therapeutic  measures,  by  favorable 
external  circumstances  which  enable  the  patient  to  do  every- 
thing requisite  for  his  health,  etc.  On  the  other  hand,  it  is  uii- 
favorably  influenced  by  hereditary  predisposition,  sexual  over- 
stimulus,  by  the  rapid  progress  of  the  manifestations,  severe 
paroxysms  of  pain,  rapid  emaciation  and  loss  of  strength,  by 
affections  of  the  special  senses  and  of  the  brain,  great  general 
irritability,  serious  irritation  of  the  genitals,  a  tendency  to  bed- 
sores, vesical  catarrh,  by  the  uselessness  of  all  therapeutic  inter- 
ference, by  unfavorable  circumstances  in  life,  forcing  one  to  labor 
for  his  daily  bread,  etc. 

The  prognosis  of  individual  symptoms  is  very  various. 
While  the  disturbances  of  sensibility,  the  parfEsthesias  and 
anjesthesias,  are  generally  very  easily  improved  or  removed,  the 
prognosis  of  the  ataxy  is  ordinarily  quite  unfavorable  ;  it  gener- 
ally remains  unimproved,  even  though  the  motor  power  as  a 
whole  improves.  The  lancinating  pains,  as  a  rule,  are  extremely 
obstinate  ;  the  vesical  weakness  may  disappear,  the  sexual  weak- 
ness usually  remains  unimproved.  Paralj^sis  of  the  muscles  of 
the  eye  generally  admits  of  a  favorable  prognosis,  wliile  the 
amaurosis  due  to  atrophy  of  the  optic  nerve  is  almost  absolutely 
hopeless  ;  it  is  almost  always  incurable,  and  but  rarely  can  even 
any  slight  improvement  be  observed. 


TABES  DOKSALIS. 


609 


Therapeutics. 

With  regard  to  the  propliylaxis  of  tabes,  which  ought  perhaps 
to  be  considered  of tener  than  it  is  now,  we  may  refer  to  what  was 
said  above  on  the  therapeutics  of  clironic  myelitis.  The  points 
to  be  specially  noted  in  this  connection  are  the  combating  of  the 
neuropathic  tendency  by  appropriate  diet  and  habits  of  life,  and 
the  prevention,  by  every  means  in  our  power,  of  things  notoriously 
injurious,  especially  the  combating  of  onanism  and  avoidance  of 
sexual  excesses.  In  not  a  few  families  will  one  find  fitting  objects 
for  the  exercise  of  this  sort  of  household  medical  supervision. 

In  most  cases  it  will  be  found  impossible  to  fulfil  a  causal 
indication^  as  one  is  dealing  with  quite  chronic  conditions,  the 
causes  of  which  have  long  since  passed  away.  We  shall,  there- 
fore, but  rarely  find  ourselves  in  a  position  to  do  anything  in  this 
direction,  and  whatever  is  to  be  done  will  appear  from  the  indi- 
vidual circumstances  of  the  case.  Where  there  are  signs  of  syph- 
ilis, we  should  not  fail  to  carry  out  the  appropriate  treatment. 

As  a  rule,  the  physician  will  find  that  he  has  to  deal  with  the 
disease  after  it  has  arrived  at  a  certain  degree  of  development, 
and  he  will  have,  before  all  else,  to  satisfy  the  indicatio  morbi. 
What  we  have  said  more  specifically  above,  under  the  therapeu- 
tics of  chronic  myelitis,  is  here  especially  applicable.  At  the 
same  time,  we  must  not  fail  just  here  especially  to  emphasize 
some  facts,  and  again  to  subject  to  closer  inspection  the  effects  of 
certain  remedies  in  tabes  particularly.  Of  all  forms  of  chronic 
spinal  affection,  tabes  is  certainly  the  one  that  has  been  subjected 
to  the  most  extensive  and  manifold  therapeutic  experiments. 

As  a  rule,  nothing  at  all  is  to  be  expected  from  actual  anti- 
pJilogistic  treatment.  This  could  at  most  be  thought  of  in  quite 
recent  cases,  with  well-marked  evidences  of  irritation  and  a  more 
inflammatory  character  ;  and  here,  according  to  the  observations 
of  Frerichs,  it  does  sometimes  seem  to  be  useful.  But  in  all  later 
stages,  and  during  the  well-marked  chronic  course  of  the  disease, 
antiphlogistic  treatment  has  always  proved  useless.  As  a  rule, 
therefore,  it  is  to  be  ignored.  But  the  application  of  dry  cups 
may  often  be  permitted  for  the  relief  of  pain. 

In  just  this  form  of  chronic  myelitis  dei'imtives  also  seem  to 
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accomplisli  the  least  possible  good.  This  is  especially  true  of 
the  actual  cautery,  which  was  formerly  very  often  used,  but  is  to 
jbe  discarded  as  entirely  useless.  I  have  likewise  never  seen  any 
distinct  benefit  from  the  milder  derivations  (blisters,  salves  that 
raise  pustules,  irritating  inunctions,  etc.). 

Among  the  means  of  treatment  still  discussed  for  tabes,  sim- 
ple thermal  haths  formerly  headed  the  list.  If  anything  is  plain 
in  the  therapeutics  of  tabes,  it  is  the  fact,  confirmed  almost  unani- 
mously by  all  recent  experience,  that  thermal  haths  are  injurious 
rather  than  beneficial  in  tabes,  that  in  this  form  of  chronic  my- 
elitis they  should  either  be  entirely  avoided  or  only  employed 
with  the  utmost  care.  Benedict  says,  outright :  "Thermal  baths 
belong  to  the  essentially  injurious  agencies  in  tabes;"  and  M. 
Rosenthal,  Erdmann,  von  Krafft-Ebing,  Richter,  and  others,  have 
expressed  themselves  quite  to  the  same  effect ;  and  my  own  ex- 
perience likewise  quite  agrees  therewith.  Leyden  is  the  only  one 
among  recent  writers  who  expresses  himself  as  "unequivocally" 
in  favor  of  the  value  of  thermal  baths.  In  opposition  to  this 
view,  we  would  maintain  what  was  said  generally  above  (page  460) 
on  the  subject  of  thermal  baths,  under  the  head  of  Chronic  My- 
elitis, as  being  especially  applicable  to  tabes.  We  would  advise 
the  trial  of  thermal  baths  in  tabes  patients  only  under  quite 
peculiar  conditions,  when  all  other  methods  of  treatment  have 
failed.  The  cases  which  are  generally  declared  to  be  especially 
adapted  to  the  use  of  thermal  baths  are  those  with  prominent 
evidences  of  irritation,  lancinating  pains,  with  great  general  ex- 
citability, sleeplessness,  etc.  It  is  very  much  to  be  wished  that 
these  indications  might  be  made  more  exact. 

At  all  events,  one  should  be  extremely  cautious  in  the  appli- 
cation of  thermal  baths.  Only  a  moderately  warm  temperature 
is  allowed  ;  all  above  90°  F.  may  be  injurious ;  most  of  the 
natural  thermal  waters  therefore  must  be  cooled.  The  duration 
of  the  baths  must  not  be  too  long  (not  over  fifteen  to  twenty 
minutes)  ;  they  are  not  to  be  employed  daily,  but  only  every 
two  or  three  days.  Only  when  thus  carefully  used  do  thermal 
baths  sometimes  seem  to  be  of  use  in  tabes. 

The  sulphur  haths  which  have  been  used  with  special  fre- 
quency in  France  have  probably  no  other  effect  than  that  of 
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simple  thermal  baths  ;  what  has  just  been  said,  therefore,  applies 
equally  to  them. 

Saline  thermal  haihs  can  certainly  show  better  results,  and 
Rehme,  in  particular,  has  long  enjoyed  a  well-founded  reputa- 
tion in  the  treatment  of  tabes.  From  my  own  experience  I  can 
likewise  make  a  report  in  the  main  favorable  to  these  baths 
(Naulieim).  But  here,  too,  it  is  greatly  to  be  desired  that  more 
accurate  indications  and  contra-indications  should  be  established. 
The  rules  of  caution  given  above  (p.  461)  might  be  especially 
applicable  to  tabes ;  the  baths  should  not  be  given  too  often 
(Waldmann  considers  three  baths  a  week  as  sufficient  for  most 
cases),  they  should  not  be  of  too  long  duration  nor  too  warm, 
and  the  more  exciting  forms  of  baths  should  be  especially 
avoided,  as  they  only  too  often  interfere  with  the  good  results  to 
be  exjDected  from  such  a  course  of  baths. 

No  conclusive  experience  is  at  hand  with  regard  to  the  effects 
of  chalyheate-haths  or  mud-haihs  in  tabes.  The  latter  seem  to 
act  favorably  in  some  cases,  though  we  cannot  as  yet  say  pre- 
cisely in  what  class  of  cases. 

But  a  cold-ioater  citre,  carefully  conducted,  must  be  very 
especially  recommended  for  the  treatment  of  tabes.  The  results 
thereof  are  extraordinarily  favorable,  especially  in  comparison 
with  the  other  curative  measures  at  our  command.  Aside  from 
the  hydropaths,  whose  judgment  might  be  impugned  as  not  alto- 
gether unbiassed,  Benedict,  M.  Rosenthal,  and  others,  express 
themselves  decidedly  in  favor  of  the  beneficial  action  of  hydro- 
therapeutics.  Waldmann  ascribes  a  strikingly  favorable  effect 
to  mild,  cool  sponging  of  the  body.  Here  also  Leyden  alone  sets 
himself  in  opposition  to  all  other  authors,  and  claims  that  tabes 
patients,  as  a  rule,  bear  cold  water  badly.  According  to  my  own 
experience,  I  must  directly  contradict  this  statement.  Among 
nineteen  of  my  tabes  patients  who  went  through  with  the  cold- 
water  cure,  sixteen  experienced  more  or  less  benefit,  two  saw  no 
improvement,  and  only  one  grew  slightly  worse.  Most  of  my 
patients  bear  cold-water  treatment  so  well  that  I  almost  always 
have  them  use  the  cold  sponge-bath  at  home  all  winter,  and  have 
never  yet  seen  any  harm  come  from  it. 

Here  of  course  everything  depends  on  the  method  and  the 
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manner  of  application,  which  must  be  determined  and  regulated 
with  the  greatest  caution. 

The  method  of  action  of  the  water-cure  on  tabes  may  be  two- 
fold. In  the  first  place,  it  contributes  to  the  hardening  of  the 
skin  and  thereby  to  the  diminution  of  injurious  effects  ;  it  causes 
general  strengthening  and  improvement  of  nutrition,  which  tlien, 
secondarily,  also  effects  an  improvement  of  the  spinal  trouble ; 
One  almost  always  sees  patients  leave  water-cure  institutions  with 
a  blooming  appearance,  increased  weight,  and  a  feeling  of  greater 
well-being  and  increased  capacity  for  work  ;  and  all  this  is  cer- 
tainly not  to  be  lightly  esteemed. 

But,  secondly,  the  water-cure  seems  also  to  exert  a  direct  and 
beneficial  influence  on  the  affection  of  the  spinal  cord,  and  thus 
to  contribute  more  directly  to  the  improvement  and  cure  of  the 
disease. 

From  the  statements  of  various  specialists  with  regard  to  the 
methods  to  be  selected,  it  first  of  all  appears  very  decidedly  that 
all  low  temperatures  as  well  as  all  more  exciting  forms  of  bath 
are  injurious  and  to  be  avoided,  that,  on  the  contrary,  moderate 
degrees  of  temperature — not  below  68°  F.  ! — and  the  milder, 
more  quieting,  or  only  slightly  exciting  forms  of  bath  alone  are 
permissible.  While,  therefore,  actual  cold  water,  cold  full-baths, 
shower-baths,  cold  slappings,  etc.,  are  decidedly  forbidden,  it  is 
admissible  to  use  simple  wet  rubbings  (beginning  with  77°  F. 
and  going  down  to  68°,  or  at  the  utmost  to  59°),  half-baths  (of 
about  86°  to  70°  F.)  with  simultaneous  washing  of  the  back  and 
sprinkling  of  the  back ;  furthermore,  also  mere  washings  of  the 
back,  of  the  feet,  wrapping  the  feet  and  the  abdomen  with  cold 
compresses  which  warm  themselves,  and  here  and  there  a  hip- 
bath. The  wet  pack  should  be  used  with  extreme  caution, 
beginning  with  a  temperature  of  88°  F.  ;  it  is  seldom  borne  at  a 
temperature  below  77°  F.  (F.  Eichter).  Czerwinsky  recommends 
only  tub-baths  to  be  used  in  tabes,  with  a  temperature  of  81^°  F., 
which  is  to  be  lowered  only  very  gradually.  At  the  same  time, 
some  patients  bear  lower  temperatures  very  well.  Very  much 
reduced,  anjemic,  irritable  patients,  who  are  very  sensitive  to 
cold,  are  the  least  fitted  for  this  treatment;  at  all  events,  in 
such  cases  it  may  only  be  tried  with  the  utmost  caution. 
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The  choice  of  the  institution  to  which  tabes  patients  are  to  be 
entrusted  is  of  the  greatest  importance.  It  is  not  in  all  water- 
cures  that  the  requisite  understanding  and  the  necessary  indi- 
vidualization are  to  be  found.  Care  must  therefore  be  exercised 
in  this  respect. 

If  possible,  let  those  institutions  be  selected  which  lie  in  a 
good  mountain  region,  are  provided  with  convenient  walks,  are 
well  conducted  as  to  attendance,  and  are  not  too  noisy.  The 
best  plan  is  to  send  patients  there  at  the  beginning  of  summer 
with  instructions  to  remain  till  autumn.  I  have  thus  far  not 
found  winter-cures  in  actual  cold-water  institutions  as  especially 
to  be  recommended. 

Since  the  pioneer  labors  of  Remak,  the  galvanic  current  has 
earned  for  itself  a  secure  and  honored  place  in  the  treatment  of 
tabes,  as  well  as  in  that  of  other  diseases.  Electro- therapeutic 
literature  abounds  in  reports  of  cases  which  establish,  beyond 
all  question,  the  value  of  the  galvanic  current  in  tabes.  My 
own  experience  also  speaks  sufficiently  in  favor  of  this  good 
effect,  although  it  is  certainly  calculated  to  put  me  on  my 
guard  against  too  great  illusions  in  regard  to  the  value  of  the 
method.  Among  66  cases  treated  by  me,  25  received  no  benefit ; 
41,  on  the  contrary,  were  more  or  less  improved.  This  improve- 
ment, in  most  cases,  it  is  true,  did  not  amount  to  very  much  ; 
in  but  comparatively  few  was  it  very  considerable,  and  only  in 
rare  instances  was  there  complete  recovery. 

Various  authors  differ  somewhat  among  themselves  with  re- 
gard to  the  methods  which  are  to  be  employed,  but  almost  all 
agree  in  this,  that  tliey  regard  the  main  point  as  consisting  in 
the  direct  treatment  of  the  back,  with  moderately  strong,  chiefly 
stabile,  more  rarely  labile  currents,  and  recommend  only  short 
sessions. 

Von  Krafft-Ebing  advises  simple  stabile  currents  through  the 
spinal  column,  of  from  four  to  six  minutes'  duration  ;  in  addi- 
tion, he  recommends  the  labile  action  of  the  cathode  on  the  nerve- 
trunks.  I  cannot  coincide  with  his  opinion,  that  usually  the 
first  six  or  eight  sessions  determine  the  result ;  the  improvement 
often  does  not  appear  until  very  much  later.  Mendel  has  like- 
wise applied  stabile  and  labile  currents  to  the  spinal  cord  with 
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advantage.  Mor.  Meyer  has  found  the  action  of  the  anode  use- 
ful in  some  cases,  on  points  in  the  spinal  column  that  were  pain- 
ful on  pressure. 

I  myself  for  some  years  past  have  almost  exclusively  em- 
ployed the  method  described  on  p.  183,  and  believe  that  I  have 
thereby  attained  comparatively  the  best  results.  Naturally  this 
will  have  to  be  variously  modified  in  different  individuals,  so 
far  as  the  duration,  intensity,  and  localization  of  the  currents 
are  concerned.  In  very  irritable  persons,  in  particular,  with 
severe  pains,  it  is  well  to  apply  very  weak  currents,  I  generally 
combine  with  the  galvanic  treatment  of  the  spine  peripheral 
galvanization  of  the  nerves  of  the  lower  extremities  (cathode 
labile),  which  is  to  be  used  about  two  or  three  times  a  week. 
In  the  same  manner,  any  complications  that  may  exist  (paralysis 
of  the  muscles  of  the  eyes,  atrophy  of  the  optic  nerve,  lanci- 
nating pains,  vesical  weakness,  anfesthesia,  etc.)  are  at  the  same 
time  to  be  treated  symptomatically. 

The  sessions  last  about  three  to  six  minutes  ;  strong  currents 
are  •  positively  avoided ;  treatment  usually  takes  place  daily, 
commonly  for  months  together.  We  should  not  allow  ourselves 
to  be  prevented  from  continuing  the  treatment  by  temporary 
fluctuations  in  the  course  of  the  disease. 

Only  if  patients  feel  more  tired  and  poorly  after  each  gal- 
vanization ;  if  their  condition,  as  a  whole,  grows  gradually 
worse  ;  if  their  pains  increase,  sleeplessness  sets  in,  or  the  like, — 
must  we  give  up  the  galvanic  treatment  as  inappropriate. 

Among  the  internal  remedies  for  tabes,  nitrate  of  silver 
undoubtedly  stands  first,  as  it  can  show  quite  undoubted  results. 
The  observations  of  Wunderlich,  Charcot,  Vulpian,  Eulenburg, 
Griesinger,  von  Graefe,  and  others,  speak  decidedly  in  its  favor, 
and  lately  Friedreich  has  also  again  expressed  himself  favorable 
thereto,  at  the  same  time  pointing  out  the  danger  of  albuminuria 
connected  with  its  use  ;  but  this  danger  may  no  doubt  be  easily 
avoided  by  cautious  dosing. 

Although  we  cannot,  as  yet,  accurately  designate  the  cases  in 
which  nitrate  of  silver  proves  beneficial,  still  the  fact  that  it 
really  has  done  good  in  a  considerable  number  of  cases,  and  that, 
as  a  rule,  and  if  used  with  some  caution,  its  employment  is 
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without  any  danger  or  discomfort,  is  of  itself  enough  to  justify 
its  administration  in  most  cases.  The  dose  is  0.01  to  0.02  gramme 
(one-sixth  to  one-tliird  of  a  grain)  several  times  a  day,  so  that  at 
most  0.06  to  0.10  gramme  (one  to  one-and-a-half  grains)  is  used  in 
the  course  of  a  day  ;  the  remedy  may  be  continued  until  about 
8  to  10  grammes  (two  to  two-and-a-half  drachms)  have  been  used ; 
and  its  use  may  also  be  repeated  again  later. 

Caster  found  material  improvement  under  the  oxide  of  silver  in  two  cases  -where 
the  nitrate  had  been  employed  without  effect. 

Iodide  of  potassium,  which  is  recommended  by  some  on  theo- 
retical grounds,  cannot  show  any  results  worth  mentioning. 
Leyden  considers  it  effective  against  any  meningitic  complica- 
tions that  may  exist ;  it  is  also  said  to  moderate  symptoms  of 
irritation. 

According  to  Siredey,  bromide  of  potassium  is  said  to  im- 
prove the  disturbances  of  co-ordination  and  to  mitigate  the  pains 
in  doses  of  from  3  to  10  grammes  (gr.  xlv.  to  3  iiss.)  daily. 

The  systematic  use  of  belladonna  and  ergot  has,  as  a  rule, 
only  resulted  in  failure.  Ergot  has  lately  found  a  eulogist  in 
Waldmann,  who  tried  it  on  himself  (lie  suffers,  however,  princi- 
pally from  spinal  meningitis),  and  who  urgently  recommends  it 
for  chronic  meningitis  and  for  tabes  ' '  caused  by  dilatation  of 
the  vessels."  One  to  two  grammes  (fifteen  to  thirty  grains)  is  to 
be  given  daily,  in  the  form  of  powder,  and  continued  for  a  con- 
siderable time. 

There  is  not  much  to  be  said  in  praise  of  arsenic,  chloride  of 
gold  and  sodium  or  chloride  of  barium  (recommended  by  Ham- 
mond in  doses  of  0.05  gramme  [three-fourths  of  a  grain]  three 
times  a  day)  ;  all  these  remedies  generally  leave  one  in  the  lurch. 

Strychnine  is  decidedly  objectionable  in  tabes. 

Phosphorus,  which  has  repeatedly  been  recommended  by 
Dujardin-Beaumetz,  appears  to  produce  no  effect  in  most  cases, 
and  will  but  rarely  be  used  on  account  of  the  danger  connected 
with  it. 

Quite  recently,  in  a  Russian  periodical,  Lesch  has  reported  favorable  results  from 
phosphorus  treatment  in  tnl)es,  from  the  clinic  of  Prof.  Eck.  The  remedy  is  said  to 
act  first  on  the  sensibility,  afterwards  on  motility  also.    Five  centigrammes  (three- 
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fourths  of  a  grain)  of  phosphorus  is  to  be  dissolved  in  sulphuric  ether,  and  this  is  to 
be  made  into  fifty  pills,  with  breadcrumbs;  three  to  six  pills  are  to  be  given  daily, 
until  about  0.15  to  0.25  gramme  (two  and  a  half  to  four  grains)  of  phosphorus  have 
been  consumed.  I  tried  the  remedy  in  one  case,  without  any  result;  it  was  well 
borne.    Further  trials  are  to  be  desired. 

Cod-liner  oil  is  praised  by  many.  It  appears,  besides  its  gen- 
eral nourisliing  qualities,  also  to  have  a  favorable  effect  on  the 
nutrition  of  the  nervous  system,  and  therefore  deserves  to  be 
used  where  it  is  well  borne. 

Very  particular  attention  is,  in  all  cases,  to  be  given  to  the 
matter  of  regulating  the  diet  and  the  method  of  life  of  tabes 
patients.  On  this  subject  we  may  refer  to  what  was  said  under 
Chronic  Myelitis  (see  above,  p.  464)  and  also  to  the  admirable 
remarks  of  Waldmann  on  this  point.  We  have  nothing  to  add 
to  what  we  have  said  above  with  regard  to  diet,  mental  labor, 
digestion,  sleep,  sexual  intercourse,  etc.  We  would  again  recom- 
mend the  utmost  possible  indulgence  in  fresh  air,  especially 
mountain-air,  sea-air,  and  the  air  of  the  forests.  As  a  feeble 
substitute  for  a  winter  spent  in  the  south,  which  is  impracticable 
for  many  patients,  the  daily  inhalations  of  oxygen,  lauded  by 
Waldmann,  might  be  tried. 

With  reference  to  bodily  movements,  we  may,  according  to 
our  best  convictions,  dissuade  patients  from  too  much  walking. 
The  diseased  spinal  cord  must  be  spared  ;  patients  quickly  grow 
tired  in  walking,  and  may,  therefore,  onl}^  continue  this  exercise 
until  the  beginning  of  fatigue ;  every  overexertion  or  extreme 
fatigue  may  be  of  the  greatest  detriment.  Topinard  likewise 
recommends  rest,  especially  for  those  people  who  otherwise  work 
hard  and  beyond  their  strength ;  on  the  other  hand,  he  thinks 
that  light  muscular  exertion,  though  never  to  the  point  of  over- 
exertion, is  the  rather  indicated  for  others,  especially  patients 
from  the  higher  walks  of  life,  who  have  a  poor  appetite  and 
lowered  nutrition.  The  proposition  to  cure  commencing  tabes  by 
quiet  rest  in  bed  for  several  months  has  not  met  with  any  en- 
dorsement. As  a  matter  of  course,  tabes  patients  must  guard 
themselves  against  wet,  dampness,  cold,  and  taking  cold ;  for 
many  of  them  it  is  therefore  well  to  wear  flannel  underclothing. 

After  having  thus  passed  in  review  the  different  means  and 
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methods  recommended  against  tabes,  it  may  be  well  to  offer  a 
few  suggestions  with  regard  to  the  general  plan  of  treatment 
wliich  shoiild  be  carried  out  in  individual  cases. 

In  cases  just  commencing,  with  light,  initial  symptoms,  we 
should  first  search  for  any  causes  of  the  disease  which  may  be 
present  and  still  acting,  and  remove  these.  Then  the  diet  and 
method  of  life  of  the  patient  should  be  regulated  in  the  most 
careful  manner,  his  activity  in  his  business,  his  recreations,  etc., 
and  the  patient  should  early  have  his  attention  called  to  the  fact 
that  only  the  most  methodical  and  persistent  carrying-out  of  the 
regulations  prescribed  for  him  may  preserve  him  from  a  subse- 
quent grievous  malady.  Of  course,  we  should  at  the  same  time 
strive  to  quicken  his  hope  and  courage.  Much  must  still  be  left 
to  the  tact  of  the  physician,  after  careful  weighing  of  the  indi- 
vidual characteristics  of  the  case.  Direct  treatment  in  summer 
may  be  limited  to  having  the  patient  take  up  his  abode  for  a  few 
weeks  at  some  appropriate  place  in  the  mountains,  in  good  forest 
air,  or  at  the  sea-side,  to  having  him  use  a  regular  cold-water 
cure,  or  a  cure  at  the  baths  of  Rehme  or  Nauheim.  We  may 
generally  reserve  for  the  autumn  and  winter  the  regular  carry- 
ing-out of  systematic  galvanic  treatment,  the  administration  of 
nitrate  of  silver,  or  any  other  medicine  called  for  by  circum- 
stances, as  well  as  the  regular  use  of  cold  rubbings,  washing  of 
the  feet,  of  the  back,  etc.  In  this  way  different  therapeutic 
measures  may  be  carried  on  for  months  and  years,  interrupted 
from  time  to  time  by  pauses.  If  improvement  or  recovery  takes 
place,  patients  must  still  take  good  care  of  themselves  for  a  very 
long  time,  avoid  all  overexertion,  and  endeavor  permanently  to 
establish  their  health  and  strength  by  subsequent  treatment 
(mountain-air,  water-cures,  sea-baths,  etc.). 

In  quite  recent  cases,  with  very  prominent  signs  of  irritation,  Frericlis  (compare 
the  dissertations  of  Fabricius,  Kiiuert,  Mette,  Nachtweyh)  recommends  the  copious 
abstraction  of  blood  along  the  spinal  column,  and  derivation  to  the  skin  and  bowels 
by  flying  blisters,  irritating  salves,  and  colocynth.  This  method  may  only  be 
employed  with  the  greatest  caution,  and  is,  of  course,  entirely  to  be  rejected  in  the 
later  stages  of  the  disease. 

In  more  advanced  and  completely  developed  cases  we  shall 
not  be  able  to  build  any  too  great  hopes  on  therapeutics,  how- 
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ever  much  it  may  be  our  duty  to  support  the  hopes  of  the 
patient.  There  will  be  plenty  of  chance  here  for  the  systematic 
trial  of  various  means  of  cure.  For  tlie  summer  months  a 
course  of  baths  at  Nauheim  or  Rehme  may  be  recommended ; 
afterwards  also  at  some  one  of  the  thermal  springs,  with  subse- 
quent residence  in  the  mountains,  or  a  cold-water  cure.  In  the 
intervals  the  patient  should  be  allowed  a  couple  of  weeks  of  rest 
at  a  pleasant  place  that  suits  him,  and  without  any  special  treat- 
ment, except  perhaps  cool  rubbings.  For  the  winter  and  spring 
months  the  use  of  the  galvanic  current  especially  commends 
itself,  simultaneously  with  internal  means  and  cautious  hydro- 
pathic treatment.  If  the  use  of  nitrate  of  silver  has  been  con- 
tinued long  enough,  we  may  try,  one  after  another,  the  internal 
remedies  mentioned  above,  giving  tonics,  cod-liver  oil,  and  the 
like,  in  the  intervals.  The  method  of  life  must  be  regulated ; 
care  must  be  taken  that  patients  remain  in  the  open  air  as  much 
as  possible ;  they  should  use  a  good  perambulating  chair,  and 
we  must  seek  by  all  sorts  of  external  means,  by  rubbing  with 
liniments  and  spirituous  washes,  by  symptomatic  treatment,  to 
act  favorably  upon  the  state  of  mind  of  the  patient.  All  this  is 
a  very  difficult  task  for  the  pliysician,  and  patients  only  too 
readily  lose  courage  and  turn  from  one  physician  to  another, 
expecting  help  from  each  one,  and  dismissed  by  each  with  the 
same  lack  of  result. 

In  quite  old,  incurable  cases,  finally,  we  should  seek,  so  far 
as  possible,  to  restrain  patients  from  all  useless  attempts  at 
curative  treatment.  Romberg's  utterances,  which  have  become 
celebrated,  and  were  dictated  by  true  humanitj'^,  apply  to  these 
cases.  If  patients  possess  enough  strength  of  character,  they 
should  be  cautiously  informed  of  the  uselessness  of  further 
"cures;"  if  not,  we  may  endeavor  to  keep  them  encouraged, 
which  is  generally  very  easy,  with  the  hopes  of  improving  at  a 
better  time  of  year,  and  conduct  them  through  their  long  period 
of  suffering  with  harmless  treatment.  We  should  then  confine 
ourselves  to  regulating  the  method  of  life  and  the  external  rela- 
tions as  far  as  possible,  seeking  to  secure  to  the  patient  as  com- 
fortable an  existence  as  may  be,  giving  him  careful  symptomatic 
treatment,  and  letting  him  spend  much  time  in  the  open  air,  at 
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the  same  time  improving  tlie  general  strength  by  cold  rubbing 
and  sponging.  Long  journeys  to  bathing-places  are  decidedly 
to  be  avoided  ;  still  we  may  advise  well-to-do  patients,  who  can 
accomplish  it  with  all  comfort  to  themselves,  to  spend  the  sum- 
mer where  they  can  have  good  mountain  or  forest  air. 

In  so  tedious  and  severe  a  malady,,  running  its  course  in  part 
with  very  tormenting  symptoms,  the  symptomatic  indications 
often  urge  tliemselves  upon  the  physician.  One  must  be  very  care- 
ful and  ingenious  in  order  to  satisfy  the  desires  of  the  patients. 

First  on  the  list  are  the  pains,  especially  the  lancinating 
pains,  the  paroxysms  of  pain,  by  which  patients  are  often  terri- 
bly tormented.  Only  too  often  we  shall  find  ourselves  helpless 
over  against  them,  endeavoring  in  vain  to  combat  them  with 
every  possible  means.  I  here  mention  a  list  of  remedies,  all  of 
which  help  sometimes,  but  quite  as  often  leave  us  in  the  lurch  : 
sinapisms,  blisters,  warmth  (in  the  form  of  hot  compresses,  sand- 
bags, etc.),  Priessnitz's  cold-water  compresses,  opium  or  bella- 
donna plasters,  rubbing  with  chloroform,  veratrine,  or  oil  of  hy- 
oscyamus  ;  faradization  or  galvanization  (stabile  cathode)  of  the 
particularly  painful  and  hypersesthetic  points  of  the  skin  ;  but, 
above  all,  subcutaneous  injections  of  morphine,  which  only  too 
readily  become  a  necessity ;  among  other  internal  remedies, 
quinine  and  bromide  of  potassium  in  large  doses,  or  the  hydro- 
bromide  of  quinia,  recently  recommended  by  Erlenmeyer  (0.50 
to  2.0  at  a  dose,  gr.  viiss.  to  gr.  xxx.)  ;  iodide  of  potassium 
(Leyden)  in  moderate  doses,  etc. 

Against  cutaneous  ancesthesia,  motor  weakness,  and  atrophy 
of  the  muscles,  electricity  is  the  only  rational  means  to  be 
employed. 

In  weakness  of  the  Madder,  faradization  of  the  bladder, 
either  from  without  or  with  the  aid  of  the  bladder  electrode,  is 
often  useful. 

Cystitis  and  threatening  or  existing  bed-sores  are  to  be 
treated  in  the  manner  explicitly  laid  down  before  (p.  194). 

For  the  amaurosis,  strychnine  has  always  thus  far  been 
tried  in  vain  ;  the  galvanic  current,  also,  is  extremely  seldom  of 
use.  We  may  deem  ourselves  fortunate  if  we  accomplish  the 
arrest  of  the  evil  while  still  in  progress  of  development. 
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The  muscular  twitcliings  that  are  sometimes  present  demand 
the  same  means  as  were  indicated  for  the  pains. 

The  constipation,  which  almost  always  exists,  is  an  especially- 
troublesome  symptom.  We  must  proceed  against  this  carefullj'-, 
and  only  with  the  mildest  purgatives.  If  we  can  succeed  in 
attaining  our  end  by  appropriate  diet  (much  fruit,  Graham 
bread,  etc.)  and  simple  enemas,  so  much  the  better.  In  speciallj'^ 
obstinate  cases  the  regular  faradization  of  the  intestines  (one 
pole  to  the  sacrum  or  in  the  rectum,  the  other  passed  over  the 
entire  abdomen,  with  a  strong  current)  often  yields  good  results. 

Attacks  of  oppression  must  be  combated  by  the  customary 
means.  Paroxysms  of  gastralgia  are  best  met  with  a  strictly 
limited  diet  and  morphine  injections. 

The  best  remedy  for  the  pollutions  and  increased  sexual 
excitability  is  bromide  of  potassium  (gr.  xxx.  to  gr.  xc).  Lupu- 
lin  and  camphor  have  also  often  proved  useful.  Cool  hip-baths, 
the  avoidance  of  any  considerable  filling  of  the  bladder,  and  of 
lying  on  one's  back  at  night,  are  also  of  benefit. 

13,  Paralysis  Spinalis  Spastica. — Tabes  Dorsal  Spasmodique 
{CTiarcof). — Sclerosis  of  the  Lateral  Columns  ^ — Primary 
Lateral  Sclerosis  f 

Tuerch,  Ueber  priinare  Degenerat.  einzelner  Riickenmarksstrange.  Sitzungsber.  d. 
k.  Akad.  d.  Wissensch.  zu  Wien.  Math,  naturw.  Classe.  Bd.  XXI.  Jahrg.  1856. 
S.  112. —  Charcot,  Sclerose  des  cordons  lat6r.  d.  1.  moelle  6p.  chez.  une  femnie 
hystfir.  atteinte  de  contracture  perman.  des  quatre  membres.  Gaz.  hebdom. 
1865.  Nr.  7. — Charcot  et  Joffroy,  Deux  cas  d' atrophic  niuscul.  progress,  avec 
16sions  de  la  subst.  grise  et  des  faisc.  ant6ro-lat6raux  de  la  moelle  6p.  Arch.  d. 
Physiol.  II.  pp.  354,  629,  744.  1869. — A.  Voism,  Meningo-myelite  suraigue, 
Sclfirose  des  cordons  lat^raux,  etc.  Gaz.  m6d.  de  Par.  1869.  Nr.  40.  p.  533. — 
Oomhault,  Scl6rose  symmetr.  des  cord,  lat^r.,  etc.  Arch.  d.  Physiol.  IV.  p.  509. 
1871-72. — Charcot,  Sclerose  primit.  de  la  part.  postSrieure  des  cordons  antdro- 
lat.  Gaz.  m6d.  de  Par.  1874.  Nr.  3.  pp.  38-39.— CAarcoi,  Le9ons  sur  les  mal. 
du  syst.  nerveux.  II.  S6r.  fasc.  3.  Sclerose  latferale  amyotrophique.  Paris, 
1874. —  W.  Eri,  Ueb.  einen  wenig  bekannten  spinalen  Symptomencomplex.  Vorl. 
Mitth.  Berl.  klin.  Woch.  1875.  Nr.  26 ;  und  Bericht  iib.  d.  8.  Versamml.  siid- 
•westdeutsch.  Irrenarzte  zu  Heppenheim.  Zeitschr.  f.  Psych.  Bd.  32.  1875. — 
Fi:  Richter,  Zur  Sklerose  der  Seitenstr.  des  R.-M.  Deutsch.  Arch.  f.  klin.  Medic. 
XVII.  S.  305.  1876.— 0.  Berger,  Die  primarc  Sklerose  der  Seitenstrange  des 
II.-M.  Deutsche  Zeitschr.  f.  prakt.  Medic.  1876.  Nr.  IQ-l^. —Seeligmueller,  Skle- 
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rose  d.  Seitenstr.  d.  R.-M.  bei  versch.  Kindern  derselben  Familie.  Deutsche 
med.  Woch.  1876.  Nr.  16-17. — Lcijden,  Xlinik  der  Ruckenmaikskr.  Bd.  II.  S. 
434.  1876.— C'.  Berger,  Ein  Fall  von  Sclerosis  later,  amyotroph.  Deutsche 
Zeitschr.  f.  prakt.  Med.  1876.  Nr.  29,  ^d.—Betous,  Etude  sur  le  tabes  dorsal 
spasmodique.  Paris,  1876. — Charcot,  Du  tabes  dorsal  spasuiodique.  Progrfes 
m6dic.  1876.  Nov.  Nr.  45-47. — ^rS,  UeberLateralsklerose  und  ihre  Beziehung- 
en  zur  Tabes  dorsalis.  Arch.  f.  Psych,  uud  Nervenkr.  Bd.  VII.  S.  238.  1876.— 
Berger,  Zur  Lehre  von  der  primiircn  Lateralsklerose  des  R.-M.  Deutsche  Zeitschr. 
f.  prakt.  Medic.  1877.  Nr.  3,  5,  u.  6.— Rich,  ScJiuh,  Mehrere  Fiille  von  "  Lateral- 
sklerose." Arch.  d.  Heilk.  XVIII.  S.  352.  1877.— W.  Erh,  Ueber  spastische  Spi- 
nalparalyse  (Tabes  dorsal  spasmodique,  Charcot).  Virch.  Arch.  Bd.  70.  1877. 

Introduction  and  History. 

It  should  be  stated,  in  advance,  that  in  this  section  we  shall 
consider  that  form  of  disease  exclusively,  the  picture  of  which  I 
first  gave  fully  and  in  detail  (Berliner  klin.  Woch.,  1875,  No.  26), 
and  which  Charcot  has  also  recently  described  in  detail  under 
the  name  of  "tabes  dorsal  spasmodique."  This  was  after  that 
author  had  for  a  number  of  years  made  short  and  suggestive 
reports  with  regard  to  quite  similar  manifestations  of  disease, 
and  had  spoken  of  them  as  being  related  to  sclerosis  of  the  spinal 
lateral  columns. 

In  the  meantime,  the  opinion,  that  sclerosis  of  the  lateral  col- 
umns is  the  anatomical  basis  of  the  disease  described  by  Charcot 
and  myself,  has  been  gaining  more  and  more  advocates  ;  indeed, 
it  is  held  by  some  authors  as  quite  firmly  established,  although 
this  is  without  sufficient  grounds,  that  is,  without  conclusive 
anatomical  investigation. 

It  is  only  on  the  supposition  that  this  opinion,  which  we  our- 
selves regard  as  extremely  probable,  is  correct,  and  will  be  con- 
firmed b}"-  subsequent  investigations,  that  we  also  discuss  sclerosis 
of  the  lateral  columns  in  this  section,  that  in  the  historical 
review  we  allude  to  those  works  which  treat  of  ■primary  degen- 
eration of  the  same,  and  that  we  shall  depict  its  anatomical 
characteristics.  If,  contrary  to  our  expectation,  this  opinion 
should  prove  to  be  false,  the  disease  here  to  be  described  would 
nevertheless  remain  as  an  independent,  well-characterized  form 
of  disease,  and  we  should  still  have  to  search  for  the  symptom- 
picture  of  sclerosis  of  the  lateral  columns. 
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Tuerck  was  doubtless  tlie  first  who  recognized  a  primary 
sclerosis  of  tlie  lateral  columns  ;  lie  expresses  himself  only  briefly 
and  unsatisfactorily  with  regard  to  its  symptomatology. 

All  other  communications  up  to  1875  actually  originate  with 
Charcot  alone.  The  manifold  investigations  into  secondary  de- 
generation of  the  lateral  columns,  which  fall  within  this  period,  at 
most  furnished  a  few  fixed  points  in  sj^mptomatology ;  and  these 
are  capable  of  but  very  limited  application,  on  account  of  the 
primar}^  disease  of  the  brain  or  spinal  cord. 

Charcot  first  published  a  case  of  hysterical  contracture  which 
had  lasted  continuously  for  nine  years,  and  had  before  arisen  re- 
peatedly ;  the  autopsy  showed  symmetrical  sclerosis  of  the  poste- 
rior sections  of  the  lateral  columns  throughout  the  greatest  por- 
tion of  their  length.  Subsequently,  Charcot  set  up  a  peculiar  form 
of  lateral  sclerosis,  which  is  complicated  with  muscular  atroph}'-, 
and  Avhich  he  afterwards  designated  as  "sclerose  laterale  amyo- 
trophique;"  in  giving  the  description  of  two  cases  belonging  under 
this  head,  he  briefly  defined  the  essential  symptoms  of  sclerosis 
of  the  lateral  columns.  His  subsequent  communications  alwaj's 
brought  merely  brief  references  of  essentially  the  same  import. 

The  matter  then  stood  thus :  The  principal  sj^mptoms  of 
sclerosis  of  the  lateral  columns  had  little  by  little  been  recog- 
nized, being  taken  from  various  complicated  cases  (secondary 
degenerations,  amyotrophic  lateral  sclerosis,  etc.) ;  and  from  these 
the  picture  of  "primary  lateral  sclerosis"  had  been  constructed, 
with  great  probability  of  correctness — this  being  also  said  to  have 
been  found  present  in  some  of  the  cases  observed  by  Charcot. 
These  cases,  however,  were  never  published  ;  no  detailed  disease- 
picture  of  lateral  sclerosis  was  anj^wliere  delineated  ;  the  disease 
figured  in  no  text-book  ;  and,  at  least  with  us  in  Germany,  it  did 
not  occur  to  anybody  to  recognize  and  diagnosticate  this  as  a 
very  frequent  and  well-characterized  form  of  disease. 

My  introductory  communication  gave  the  delineation — con- 
taining all  that  was  essential — of  a  disease-picture  which  bore 
the  greatest  resemblance  to  the  symptom-picture  of  lateral  scle- 
rosis indicated  in  outline  by  Charcot,  which  may  probably  be 
regarded  as  identical  with  the  latter,  and  actually  is  so  regarded 
by  most  authors. 
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Charcot  himself,  then,  in  1876,  both  had  this  disease  described 
by  his  pupil  Betous,  under  the  name  of  "tabes  dorsal  spasmo- 
dique,"  and  also  himself  published  an  essay  thereon.  He  like- 
wise, as  yet,  expresses  himself  very  guardedly  concerning  the 
anatomical  basis  of  the  disease,  which  can  only  be  finally  deter- 
mined by  renewed  anatomical  investigations.  He  says  that  the 
cases  formerly  observed  by  him  are  too  old  and  partake  too  de- 
cidedly of  the  character  of  "somewhat  confused  memories"  to 
serve  as  evidence. 

During  the  past  year  several  works  have  also  appeared  in 
Germany  on  so-called  lateral  sclerosis,  and  0.  Berger,  in  particu- 
lar, has  handled  the  subject  in  several  essays.  I  have  myself 
recently  published  my  more  detailed  communications  on  this 
disease. 

Definition. 

The  disease  is  clinically  characterized  by  a  gradually  increas- 
ing paresis  and  paralysis,  generally  advancing  slowly  from 
below  upwards,  with  muscular  tension,  reflex  contractions  and 
contractures,  with  strikingly  increased  reflex  actions  of  tendons^ 
while  at  the  same  time  there  is  entire  or  almost  entire  absence  of 
all  disturbances  of  sensibility  or  tropliic  disturbances,  of  all 
vesical  or  sexual  weaJaiess,  and  of  all  cerebral  disturbances. 

The  disease,  as  a  rule,  is  extraordinarily  slow  in  its  develop- 
ment, insidious  and  very  chronic  in  its  course  ;  it  may  occur  in 
various  combinations,  but  in  its  typical  cases  is  very  easily  to 
be  distinguished  from  all  other  forms  of  chronic  spinal  disease 
(from  chronic  myelitis,  myelitis  transversa,  tabes  dorsalis,  multi- 
ple sclerosis,  etc.). 

The  anatomical  characteristics  of  the  disease  cannot  as  yet 
be  given  with  certainty ;  if  everything  does  not  deceive  us,  the 
anatomical  basis  of  the  group  of  symptoms  consists  in  a  sym- 
metrical sclerosis  of  the  lateral  columns,  especially  of  their  pos- 
terior divisions,  advancing  gradually  from  below  upwards.  It 
would  constitute  a  complete  analogue  to  sclerosis  of  the  poste- 
rior columns.  The  correctness  of  this  presumption  can  only  be 
definitel}''  decided  by  post-mortem  examination. 
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The  designation  of  tlie  disease  -would  naturally  be  best  selected  on  an  anatomical 
basis,  and  "sclerosis  of  the  lateral  columns"  or  "lateral  sclerosis"  -would  therefore 
be  most  apiJropriate.  As  long,  ho-wever,  as  -v/e  are  not  certain  in  this  matter,  it 
-would  be  better  to  select  a  symptomatic  designation.  Charcot  has  chosen  the  term 
"  tabes  dorsalis  spasmodica."  I  cannot  consider  this  choice  very  fortunate,  and  it 
is  hardly  to  be  accepted  for  us  in  Germany.  For  us  the  term  "tabes  dorsalis"  now 
signifies  exclusively  sclerosis  of  the  posterior  columns,  and  it  is  doubtless  best  for 
us  to  abide  by  it.  But  if  by  the  term  tabes  -we  are  again  to  designate  all  atro- 
phic and  sclerotic  processes  in  the  spinal  cord,  -we  should  thereby  still  be  in  advance 
of  our  anatomical  knowledge  of  the  disease.  Furthermore,  in  Charcot's  designation 
the  spasmodic  element  of  the  disease  is  the  only  one  that  receives  due  prominence. 

But  the  main  symptoms  of  the  disease  are  manifestly  paralysis  (paresis)  and 
spasm  (muscular  tension  and  contractures) ;  these  should,  therefore,  receive  special 
prominence  in  the  designation.  After  various  other  trials — foUo-wing  the  analogy 
of  atrophic  spinal  paralysis — I  have  chosen  the  name  "  spasmodic  spinal  paralysis," 
"  paralysis  spinalis  spastica,"  as  a  provisional  clinical  designation,  and  hope  that, 
in  spite  of  its  lack  of  euphony,  it  -will  suffice  as  a  somewhat  suggestive  name  for 
the  disease,  until  satisfactory  results  of  post-mortem  examinations  shall  render  pos- 
sible the  choice  of  a  definitive  anatomical  designation. 

Etiology  and  Pathogenesis. 

There  is  thus  far  very  little  to  be  said  on  this  point.  The 
disease  is  a  tolerably  frequent  one,  although  by  no  means  so  fre- 
quent as  sclerosis  of  the  posterior  columns.  But  little  is  known 
of  any  definite  predisposition  thereto.  Only  in  the  smallest 
number  of  cases  can  the  neuropathic  tendency  be  assumed  as  an 
auxiliary  cause.  The  disease  seems  to  attack  the  male  sex  some- 
what oftener  than  the  female ;  still  the  difference  is  decidedly  not 
so  great  as  in  tabes. 

The  disease  is  developed  almost  exclusively  during  the  age  of 
maturity ;  by  far  the  larger  number  of  cases  begin  between  the 
ages  of  thirty  and  fifty.  But  from  various  observations  which  I 
have  reported  (1.  c),  it  would  appear  that  the  disease  may  also 
develop  itself  even  in  earliest  childJiood,  and  we  might  then 
imagine  the  possible  congenital  defective  development  of  certain 
divisions  of  the  spinal  cord.  Part  of  the  cases  described  under 
the  name  of  spasmodic  infantile  paralysis  may  well  belong  here. 
The  remarkable  observation  communicated  by  Seeligmueller, 
where  four  children  of  the  same  family  were  taken  sick  with 
amyotrophic  lateral  sclerosis,  should  also  be  placed  here. 
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But  most  frequently  it  is  just  the  robust,  strong  people,  who 
are  subject  to  no  neuropathic  influences,  that  are  attacked  by  the 
disease,  and  in  the  majority  of  them  the  most  careful  interrogation 
does  not  discover  any  sort  of  predisposing  cause  for  the  disease. 

In  fact,  even  the  exciting  caitses  of  spasniodic  spinal  paraly- 
sis are  as  good  as  unknown.  Naturally  enough,  here,  too,  taJcing 
cold  is  not  rarely  assigned  as  a  cause,  although  not  so  often,  nor 
with  as  much  certainty,  as  it  is  in  some  other  things.  At  the 
same  time,  the  astonishing  many-sidedness  of  this  source  of  in- 
jury may  occasionally  show  itself  in  this  malady  too. 

Betous  thought  that  he  could  demonstrate  lead-poisoning  as 
a  cause  in  one  of  his  cases.  Berger  believes  in  the  possibility  of 
its  being  produced  after  traumatic  ivfluences.  In  my  cases  I 
could  never  prove  anything  with  regard  to  the  influence  of  sexual 
excesses  or  previous  sypTiilis. 

The  etiological  relations  of  the  disease,  therefore,  certainly 
still  remain  to  be  discovered. 


Pathological  Anatomy, 

Going  on  the  supposition  announced  above,  and  which  is  to 
be  still  further  established  below,  that -the  disease  is  identical 
with  primary  sclerosis  of  the  lateral  columns,  we  have  here 
briefly  to  depict  the  anatomical  conditions  in  this  atfection. 

Macroscopically  we  encounter  the  usual  apj)earance  of  gray 
degeneration,  though  here  limited  in  a  symmetrical  manner  tO' 
the  two  lateral  columns,  and,  indeed,  especially  to  the  posterior 
divisions  of  the  same.  The  gray  discoloration  here  occupies  the- 
entire  posterior  half  of  the  lateral  column  in  the  form  of  a  triaui- 
gle,  extending  inwards  to  the  posterior  gray  horn,  outwards  to^ 
the  pia  mater,  and  being  somewhat  indistinctly  shaded  off  for- 
wards into  the  healthy  tissue  of  the  lateral  column  (Fig.  11,.  a).. 
According  to  Charcot  and  Bouchard,  this  very  form  of  the  gi'ay 
wedge  alone  should  enable  one  to  distinguish  primary  lateraL 
sclerosis  from  secondary  degeneration  in  most  of  the  sections  ofi' 
the  cord.  Secondary  degeneration  of  the  lateral  columns,  as  ai 
result  of  disease  of  the  spinal  cord,  is  characterized  by  the  fact 
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that  the  inner  posterior  contour  of  the  gray  spot 
does  not  reach  the  posterior  liorns,  but  remains 
separated  from  it  by  a  narrow  zone  of  normal 
white  surbstance,  while  the  gray  discoloration,  it 
is  true,  here  also  extends  to  the  pia  mater  (Fig, 
11,  b).  Secondary  degeneration,  the  result  of 
brain  trouble,  in  addition  to  its  usually  appearing 
only  on  one  side,  is  said  to  be  distinguished  by 
the  fact  that  the  gray  discoloration  has  a  more 
roundish  form,  standing  out  from  the  surround- 
ing substance  in  sharp  outlines,  and  never  reaches 
close  to  the  pia  mater  (Fig.  11,  c).  Still  these 
characteristics  are  probably  not  absolutely  uni- 
versal, though  they  may,  perhaps,  apply  to  most 
cases,  and  to  the  greater  part  of  the  spinal  cord. 

It  must  be  left  to  future  observations  to  deter- 
mine positively  wliether,  in  primary  sclerosis  of 
the  lateral  columns,  the  innermost  divisions  of 
the  anterior  columns,  which,  according  to  Flech- 
sig,  are  likewise  to  be  reckoned  as  part  of  the 
pyramidal  tracts,  are  also  diseased. 
The  degeneration  may  extend  over  the  greater  portion  of  the 
length  of  the  cord,  from  the  lumbar  region  up  into  the  medulla 
oblongata,  and  even  beyond  that,  showing  a  somewhat  different 
configuration  and  intensity  of  the  process  in  the  different  trans- 
verse sections. 

Microscopically  we  encounter  the  ordinary  picture  of  gray 
degeneration.  In  view  of  the  incompleteness  of  the  investiga- 
tions thus  far  made,  it  is  not  yet  possible  to  establish  a  positive 
histological  distinction  between  primary  lateral  sclerosis  and 
secondary  degeneration  of  the  lateral  columns. 

Among  the  possible  complications  of  lateral  sclerosis,  we 
must  mention  sclerosis  of  the  posterior  columns  (a  combination 
which  was  seen  repeatedly  by  Westphal,  and  is  also  very  com- 
mon in  the  later  stages  of  tabes)  ;  furthermore,  a  more  or  less 
diffuse  sclerosis  of  the  anterior  columns  ;  and,  finally,  a  lesion  of 
the  anterior  gray  horns,  which  constitutes  the  rule  in  that  form 
of  disease  described  under  the  name  of  sclerose  laterale  amyo- 


Fio.  11.— Half  dia- 
grammatic representa- 
tion of  the  various  forms 
of  sclerosis  of  the  late- 
ral columns  (from  about 
the  upper  part  of  the 
dorsal  region),  a.  Form 
of  gray  discoloration  in 
prliiKiry  sclerosis  of  tho 
lateral  columns.  6.  In 
necuiidary  degeneration 
B.'fthe  result  of  disease 
of  the  spinal  cord.  c. 
In  secondary  degenera- 
tion as  the  result  of  dis- 
ease of  the  brain. 
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tropliique.  This  degeneration  of  tlie  anterior  gray  horns  estab- 
lishes itself  by  preference  in  the  cervical  enlargement  of  the  cord, 
where  it  involves  greater  or  less  areas,  and,  in  addition  to  the 
interstitial  changes,  especially  induces  degeneration,  atrophy,  and 
disappearance  of  the  large  ganglion-cells  in  the  anterior  horns. 

All  these  statements  await  further  anatomical  investigations, 
to  render  them  more  precise. 

Pathology  of  Spasmodic  Spinal  Paralysis. 

Symptoms. 

The  general  picture  of  the  disease  is  that  of  motor  paraplegia, 
generally  developing  itself  very  slowly,  and  gradually  advancing 
upwards,  to  which  symptoms  of  motor  irritation  early  ally 
themselves— muscular  twitchings,  muscular  tension,  rigidity, 
and  contractures,  which  lend  to  the  disease-picture  a  peculiarly 
fertile  character.  To  this  is  added  a  very  striking  increase  of 
the  reflex  activity  of  the  tendons,  much  more  rarely  also  of  the 
reflex  action  of  the  skin,  while  there  is  an  entire  absence,  at  least 
for  a  long  time,  of  any  serious  disturbances  of  sensibility,  of  the 
vesical  or  sexual  functions,  and  of  nutrition,  and  cephalic  symp- 
toms likewise  never  arise. 

The  disease  often  begins  at  once,  without  any  further  precur- 
sors, with  the  manifestations  of  motor  weaJaiess  in  one  or  both 
lower  extremities. 

In  other,  not  rare  cases,  however,  this  is  preceded,  for  a 
longer  or  shorter  time,  by  evidences  of  sensitive  irritation — 
pain  in  the  back,  dragging  and  tearing  pains  in  the  legs,  formica- 
tion and  other  parjesthesias,  etc.  But  these  are  rarely  severe, 
and  are  generally  of  a  transitory  nature  and  easily  subdued. 

The  motor  disturbance,  which  sometimes  begins  in  both  lower 
extremities  at  once,  sometimes  in  one  alone,  and  very  rarely  in 
the  upper  extremities,  consists  at  first  only  in  weaJcness,  in  being 
more  easily  fatigued^  and  in  a  certain  lieamness  of  the  limbs. 
This  gradually  becomes  actual  paresis ;  the  legs  grow  quite 
heavy,  the  gait  becomes  dragging,  difficult,  unsteady.  Only  in 
rare  cases,  and  usually  not  until  the  later  stages,  does  this  paresis 
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increase  to  complete  paralysis.  No  ataxy  appears  during  tlie 
entire  course. 

But  distinct  manifestations  of  motor  irritation  early  ally 
themselves  to  the  paretic  symptoms.  At  lirst  single  lighter 
twitchings,  or  jerking  of  the  legs,  arise,  which  occur  when  sitting 
or  lying  down,  often  appear  at  night,  and  are  very  frequent 
Avhen  fatigued ;  or  there  may  be  a  certain  spasmodic  stiffness, 
which  arises  on  the  execution  of  certain  movements  and  lasts  for 
a  few  moments.  This  gradually  increases  to  more  continuous 
stiffness,  to  regular  tension  of  the  muscles,  which  apj)ears  on 
active,  and  still  more  on  passive  motion,  and  affects  the  patient's 
gait ;  and  finally  it  comes  to  permanent  and  severe  contractures, 
which  fix  the  limbs  in  a  position  of  extension. 

From  all  this,  as  long  as  the  patients  are  still  able  to  walk, 
there  results  a  very  characteristic  method  of  walking,  the  spas- 
tic gait,  which  we  have  already  previously  described  in  brief 
(p.  97).  At  first  but  slight  indications  of  it  are  to  be  observed  ; 
later  the  disturbance  grows  more  distinct ;  the  dragging  and 
trailing  of  the  legs,  the  drooping  of  the  toes  on  the  ground,  the 
shuffling,  the  disposition  to  raise  oneself  on  the  toes,  keejD  grow- 
ing more  marked,  and  in  especially  well-pronounced  cases  a  hop- 
ping sort  of  raising  of  the  body  takes  place  with  each  step,  and 
a  tendency  to  fall  over  forward. 

On  merely  placing  the  point  of  the  foot  on  the  floor,  while 
sitting,  a  tremor  very  generally  sets  in,  evidently  in  no  respect 
different  from  the  clonic  trembling  on  passive  dorsal  flexion  of 
the  foot.  And  this  is  caused  by  the  ever-present  JiigJi  degree  of 
increase  in  tTie  reflex  action  of  the  tendons,  which  can  generally 
be  demonstrated  very  early.  Not  only  does  the  normal  reflex 
action  of  tendons  show  a  very  abnormal  increase,  but  this  also 
appears  quite  actively  in  many  tendons  which  under  normal  re- 
lations show  no  trace  thereof. 

Objective  examination  reveals  no  disturhance  of  sensibility. 
The  sensibility  of  the  skin  and  muscles,  tested  with  the  greatest 
care  and  in  all  directions,  appears  entirely  normal.  Not  the 
slightest  swaying  appears  on  closing  the  eyes,  nor  any  trace  of 
unsteadiness  in  the  twilight.  In  part  of  the  cases  the  reflex 
action  of  the  skin  appears  increased ;  generall}^,  however,  it  is 
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normal,  sometimes  rather  diminislied.  There  is  no  atrox>Uy  of 
the  muscles.  The  functions  of  the  Madder  and  rectum  are  en- 
tirely normal,  as  are  also  the  sexual  functions.  But  little  is  gen- 
erally to  be  seen  of  vaso-motor  disturbances,  neither  are  there  bed^ 
sores  nor  any  other  trophic  disturbances  of  the  skin.  The  func- 
tions of  the  brain  and  the  cranial  nerves  are  entirely  undisturbed. 

During  the  further  progress  of  the  disease  the  disturbances 
gradually  continue  to  ad'oance  upward.  The  muscles  of  the 
back  and  abdomen  become  paretic  and  rigid,  the  movements  of 
the  trunk  grow  difficult,  sitting  up  and  holding  oneself  erect  be- 
come difficult  or  quite  impossible. 

Then  the  affection  extends  to  the  arms ;  this  often  occurs 
tolerably  early,  but  generally  not  till  the  later  stages  of  the  dis- 
ease. Paresis,  heaviness,  and  stiffness  of  the  arms  sets  in  ;  exam- 
ination shows  here  also  an  increase  in  the  reflex  action  of  tendons, 
but  no  disturbance  of  sensibilit}^,  no  ataxy  ;  finally,  rigidity  and 
contractures  also  occur,  but  rarely  full  paralysis. 

This  method  of  development  is  not  the  only  and  invariable 
one.  Sometimes  the  affection  passes  from  one  lower  extremity 
first  to  the  upper  extremity  of  the  same  side,  and  the  affection 
may  persist  for  a  long  time  (even  for  several  years)  in  tlds  liemi- 
plegic  form  before  the  other  lower  extremity  is  attacked.  Some- 
times, too,  the  disease  begins  in  the  upper  extremities,  and,  run- 
ning its  course  downioard,  does  not  involve  the  lower  extremi- 
ties until  later. 

When  the  disease  has  reached  a  certain  point  of  development, 
it  may  then  remain  stationary  for  a  variable  length  of  time, 
often  for  many  years,  or  show  but  a  scarcely  perceptible  advance. 

Generally,  however,  the  paralysis  eventually  becomes  com- 
plete, the  contractures  increase  in  intensity,  and  the  patients, 
grown  stiff  and  immovable,  are  doomed  to  permanent  lying  still. 
At  the  same  time,  there  may  be  an  entire  absence  of  pain  and  of 
other  disturbances  of  sensibility,  the  vegetative  functions  may 
take  their  regular  course. 

The  disease  in  itself  does  not  appear  directl}''  to  threaten  life, 
and  patients  generally  die  of  some  intercurrent  disease. 

Now  and  then,  however,  death  is  doubtless  induced  by  the 
extension  of  the  processes  within  the  spinal  cord  to  structures  of 
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the  same,  which  are  more  important  to  life.  The  complications 
of  the  disease — always  rare — which  betray  such  an  extension  of 
the  same,  are  muscular  atrophy,  bulbar  symptoms,  disturbances 
of  sensibility,  vesical  weakness,  cystitis,  bed-sores,  etc. 

In  estimating  the  importance  of  individual  symptoms,  we 
must  principally  direct  our  attention  to  the  paresis  and  paraly- 
sis, the  spasms,  rigidity,  and  contractions,  to  the  peculiarities  of 
the  gait  resulting  therefrom,  and  to  the  heightened  reflex  action 
of  tendons. 

The  manifestations  of  motor  paralysis  generally  begin  with 
some  fatigue,  insecurity,  weakness,  and  stiffness  of  the  lower 
extremities,  sometimes  of  both  at  once,  but  not  rarely  of  one  leg 
somewhat  earlier  than  the  other. 

The  legs  feel  as  heavy  as  lead  ;  every  prolonged  exertion 
fatigues  the  patients  extremely ;  finally,  longer  marches  and 
walks  become  impossible  ;  the  gait  grows  distinctly  dragging. 

Gradually  it  comes  to  distinct  paresis  ;  patients  are  no  longer 
able  to  raise  themselves  on  their  toes,  much  less  to  maintain  them- 
selves thereon  ;  it  becomes  difficult  or  impossible  for  themto  raise 
their  legs,  if  extended,  while  lying  down ;  the  leg,  extended  at 
the  knee,  offers  less  resistance  to  attempts  at  passive  motion. 

At  the  same  time  all  movements  are  quiet  and  uniform,  only 
sometimes  rather  uncertain  on  account  of  the  paresis.  No  sign  of 
ataxy  is  to  be  noticed.  All  movements  called  for  can  be  exe- 
cuted just  as  quietly  and  certainly  with  closed  as  with  open  eyes. 

Finally,  complete  paralysis  may  be  developed ;  it  is  generally 
confined  to  the  domain  of  single  nerves  and  muscles,  but  may 
gradually  extend  further.  The  paralysis  seldom  becomes  quite 
complete  ;  that  entire  immobility  of  the  limbs,  so  characteristic 
of  many  cases  of  myelitis,  does  not  readily  occur  here. 

This  is  the  usual  picture.  But  sometimes  it  happens  that  the 
disease  begins  unilaterally,  and  retains  its  hemiplegic  form  for 
quite  a  while,  a  point  to  which  Berger  called  attention  in  his 
first  work  ;  the  paresis  then  extends  from  one  leg  first  to  the  arm 
of  the  same  side,  and  may  exist  in  this  way  for  a  long  time  (as 
much  as  several  years)  before  the  weakness  invades  the  other 
leg,  and  finally  the  other  arm.  In  all  these  cases  the  leg  is  more 
paralyzed  than  the  arm. 
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But  now  and  then  the  affection  also  begins  in  one  or  both 
upper  extremities,  and  the  legs  are  not  invaded  by  the  paralysis 
until  later.  In  these  cases,  liowever,  the  paralysis  of  the  legs  is 
liable  soon  to  become  quite  as  intense  as  that  of  the  arms. 

Very  soon  after  the  signs  of  paralysis,  occasionally  almost 
simultaneously  with  these,  manifestations  of  motor  irritation 
also  show  themselves. 

At  first  they  are  merely  single  jerJcings,  which  arise  under 
the  most  varied  circumstances  while  sitting,  lying  in  bed,  etc., 
and  often  appear  to  the  patient  like  a  sort  of  starting  from 
fright.  The  foot  is  suddenly  raised,  or  the  leg  thrown  some- 
what into  the  air,  or,  on  making  voluntary  movements,  a  species 
of  cramp  sets  in,  single  muscles  or  the  entire  leg  growing  tem- 
porarily stiff.  Often  the  familiar  trembling  on  setting  down 
the  toe  of  the  foot  occurs,  especially  if  the  patients  are  some- 
what fatigued. 

Then  distinct  muscular  tension  is  developed.  At  first,  on 
performing  passive  motion,  there  is  a  doughy,  gradually  increas- 
ing resistance,  which  can  be  overcome  by  increasing  pressure 
and  somewhat  lessened  by  repeated  movements,  but  which  again 
appears  distinctly,  especially  on  brisk  attempts  at  movement. 
Soon  the  tension  also  shows  itself  in  active  movements,  renders 
them  difficult,  makes  them  uncertain,  and  thus  causes  the  paresis 
to  appear  greater  than  it  is  in  reality. 

Finally  it  comes  to  a  permanent  greater  rigidity  of  the  mus- 
cles, which  gradually  goes  on  developing  to  a  regular  and  high 
degree  ot  permanent  contracture.  This  generally  appears  in  the 
lower  extremities  in  the  form  of  a  contracture  with  extension. 
The  legs  are  held  in  the  position  of  rigid  extension,  the  feet  in 
the  extreme  position  of  talipes  varo-equinus,  the  toes  sometimes 
flexed  on  the  dorsum,  and  furthermore  the  legs  are  rigidly  held 
together  by  the  extreme  contracture  of  their  adductors.  The 
rigid  immobility  of  the  legs  is  now  and  then  interrupted  by  a 
clonic  trembling  of  the  feet,  which  may  extend  to  the  entire  legs, 
which  apparently  often  arises  spontaneous! 3%  but  is  x'Jrobably 
to  be  referred  to  a  dorsal  flexion  of  the  foot  produced  in  a  reflex 
manner  or  called  forth  by  touching  the  point  of  the  foot,  and 
which  may  probably  now  and  then  also  be  referred  to  a  volun- 
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tary  eflfort.  Contractures  with  flexion  rarely  occur  in  tlie  lower 
extremities,  and  then  only  in  the  latest  stages. 

The  upper  extremities  are  visited  with  contractures  much  less 
frequently  and  intensely  ;  the  arm  is  then  drawn  to  the  trunk, 
the  forearm  is  in  half  flexion  and  in  pronation,  wrist  and  Angers 
in  a  high  degree  of  flexion.  All  these  contractures  naturally  in- 
crease the  helplessness  of  the  patient,  and  are  a  greater  hindrance 
to  the  use  of  the  limbs  than  the  paresis. 

As  long  as  patients  can  still  walk,  these  paralytic  and  spas- 
modic manifestations  result  in  an  extremely  peculiar  and  thor- 
oughly characteristic  gait,  which  we  have  already  designated 
as  the  "  spastic  gait  "  (p.  97). 

The  first  thing  noticeable  is  a  certain  dragging  of  the  limbs  ; 
the  feet  are  drawn  forward  with  difficulty  ;  they  seem  to  cling  to 
the  ground,  and,  as  they  slide  forward,  produce  a  characteristic 
scraping  noise ;  the  tip  of  the  foot  catches  on  every  little  inequal- 
ity of  the  ground,  and  patients  readily  stumble  and  fall.  The 
gait  is  thereby  rendered  uncertain  and  swaying;  at  every  step 
the  patient  changes  his  centre  of  gravity  from  one  side  to  the 
other.    The  shoes  mainly  wear  olf  at  the  toes  and  outer  border. 

In  the  higher  grades  of  the  disturbance,  patients  show  a  dis- 
tinct tendency  to  raise  themselves  on  their  toes ;  the  friction 
that  takes  place  between  the  ground  and  the  feet  causes  a  cer- 
tain disturbance  of  equilibrium  in  the  upper  portion  of  the  body 
which  is  tending  forwards,  and  thus  the  disposition  arises  to  fall 
over  forwards  and  in  walking  to  adopt  an  increasingly  rapid 
step.  In  some  instances  this  is  further  associated  with  a  peculiar 
hopping  movement,  a  raising  oneself  up  on  the  toes  with  every 
step,  which  produces  a  very  remarkable  effect. 

At  the  same  time  the  legs  are  carried  in  a  stiff  and  constrained 
manner ;  they  are  locked  closely  to  one  another  and  somewhat 
sunken  at  the  knees  ;  the  steps  are  small  and  hesitating. 

It  is  evident  at  the  first  glance  how  sharply  this  variety  of 
gait  is  distinguished  from  the  ataxic.  There  is  no  trace  of  the 
flinging  motion  of  the  legs,  of  throwing  forward  or  turning  out- 
ward the  tip  of  the  foot,  of  stamping  the  heels,  of  holding  the 
knee  stiff  to  a  degree  bordering  on  hyper-extension,  as  in  ataxy  ; 
we  see,  rather,  the  opposite  of  all  this. 
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The  peculiarities  of  the  spastic  gait  are  very  easily  explained 
— in  part  by  the  paresis,  which  causes  the  dragging  and  the  catch- 
ing of  the  toes ;  in  part  by  the  muscular  tension,  which  brings 
about  the  stiffness  of  the  movements,  the  closed  position  of  the 
legs,  the  short  steps,  the  scraping  with  the  tip  of  the  foot,  the 
walking  on  the  toes  ;  and  in  part  by  the  heightened  reflex  action 
of  the  tendons,  which  probably  explains  the  hopping  movement 
with  every  step. 

At  last,  of  course,  all  walking  ceases,  and  patients  are  able, 
at  most,  to  drag  themselves  around  on  crutches,  or,  with  the 
help  of  their  hands,  to  move  about  by  holding  on  to  chairs  and 
furniture,  dragging  their  legs  after  them  like  two  sticks,  and 
only  now  and  then  using  them  as  props.  Finally,  patients  are 
doomed  to  continuous  lying  in  bed,  as  sitting  up  often  becomes 
downright  impossible,  on  account  of  the  stiffness  of  their  legs. 

AVe  have  already,  at  various  places  in  this  work,  referred  to 
another  important,  and,  as  it  would  appear,  absolutely  constant 
symptom  of  the  disease — the  great  increase  in  the  rejiex  action 
of  tendons.  This  may  be  observed  to  a  very  intense  degree  in 
spasmodic  spinal  paralysis,  inasmuch  as  not  only  those  tendon- 
reflexes  which  normally  exist  in  the  majority  of  people  show  a 
greatly  increased  intensity,  but  many  other  tendons  likewise 
(and  even  other  aponeurotic  structures)  may  be  excited  to  active 
reflex  twitching  through  mechanical  irritation. 

The  reflex  action  of  the  tendon  of  the  loatella  is  most  con- 
stantly increased — not  rarely  to  such  an  extent  that  it  can  be 
maintained  in  a  clonic  form  by  the  sudden,  forcible  flxation  of 
the  patella  with  a  blow  downwards.  Not  less  constant  is  the 
increase  in  the  reflex  action  of  the  tendo  Achillis^  which  can 
generally  be  maintained  in  the  clonic  form  on  passive  dorsal 
flexion  of  the  foot.  The  reflex  activity  of  the  tendons  of  the 
adductors  generally  behaves  in  the  same  way.  I  have  repeatedly 
been  able  to  excite  this  by  tapping  over  the  region  of  the  lum- 
bar vertebrje.  Tendon-reflexes,  furthermore,  occur  in  the  lower 
extremities  in  the  tibialis  anticus  and  posticus,  in  the  biceps 
fenioris,  the  semi-tendinosus,  etc.  Reflexes  in  the  quadriceps 
also  sometimes  originate  in  the  upper  broad  end  of  tlie  tibia. 

The  reflex  action  of  the  tendons  is  generally  no  less  well 
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developed  in  the  upper  extremities.  It  is  to  be  found  in  tlie 
biceps  and  triceps  humeri.  Quite  remarkable  reflexes  can  be 
aroused  from  the  lower  end  of  the  radius,  as  well  as  from  the 
ulna,  by  tapping — the  first  in  the  biceps,  the  latter  in  the  triceps 
and  the  posterior  portion  of  the  deltoid.  The  flexors  of  the 
fingers  and  the  extensors  of  the  wrist,  as  well  as  the  supinator 
longus,  can  be  excited  in  a  reflex  manner  by  their  tendons ; 
also  sometimes  the  interossei  by  tapping  on  the  metacarpal 
bones,  the  deltoid  from  the  spine  of  the  scapula,  the  pectoralis 
major  from  the  sternum,  etc. 

It  hardly  requires  demonstration  that  in  all  these  cases  we 
have  to  deal  with  nothing  else  than  a  Iieig7iieni7i.g  of  the  reflex 
processes.  This  appears  as  an  absolute  necessity,  from  some  of 
the  facts  heretofore  communicated,  entirely  aside  from  the  cir- 
cumstance that  all  authors  who,  since  the  appearance  of  West- 
phal's  works  and  my  own,  have  occupied  themselves  particularly 
with  this  circumstance,  have  come  to  the  conclusion  that  the 
physiological  phenomena  mentioned  could  only  represent  reflex 
processes.  We  must  therefore  refer  the  increase  in  the  tendon- 
reflexes  which  arise  in  spasmodic  spinal  paralysis  to  an  increase 
in  the  reflex  activity  of  the  spinal  cord. 

The  singular  part  of  it  is  that  this  increase  is  almost  always 
confined  to  this  one  class  of  reflexes  ;  for  the  skin  reflexes  by  no 
means  constantly  show  any  similar  relations.  I  found  them  dis- 
tinctly increased  in  hardly  one-third  of  my  cases  ;  in  the  rest 
generally  normal — often  not  at  all  distinctly  present,  but  also 
often  tolerably  lively,  even  if  not  exactly  abnormally  heightened. 
At  all  events,  however,  the  reflex  activity  of  the  skin  by  no 
means  bore  any  relation  to  that  of  the  tendons,  and  the  increase 
of  the  former  certainly  does  not  constitute  an  essential  symptom 
of  spasmodic  spinal  paralysis. 

The  electrical  excitdbility  of  the  motor  nerves  never  shows 
any  qualitative,  but  always  merely  insignificant  quantitative 
changes;  in  all  the  cases  more  carefully  examined,  I  found  a  dis- 
tinct, though  slight,  lowering  of  the  faradic  and  galvanic  excita- 
bility.   I  have  never  yet  found  an  increase  of  the  same. 

All  the  other  symptoms  that  remain  to  be  noticed  are  of  an 
essentially  negative  quality  ;  but  this  very  fact  contributes  not  a 
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little  to  characterize  tlie  disease.  The  entire  absence  of  emry 
disturbance  of  sensibility,  even  on  the  most  careful  testing  of 
the  sensibility  of  the  skin  and  muscles;  the  absence  of  vesical 
and  sexual  weakness  ;  the  absence  of  muscular  atropliy  and  of 
bed-sores ;  the  entire  absence  of  disturbances  of  the  brain  and 
cranial  nerves, — are  at  least  as  significant  and  as  im]3ortant  for 
the  characterization  of  the  disease  as  the  presence  of  paresis, 
muscular  tension,  and  increased  reflex  action  of  tendons. 

Other  isolated  symptoms — and  indeed  of  the  most '  varied 
kind— do  occasionally  arise,  but  appear  as  more  or  less  acciden- 
tal features  in  the  disease,  and  will  be  more  appropriately  dis- 
cussed under  the  head  of  Complications. 

Course,  Duration,  Terminations. 

The  course  of  the  disease,  in  the  majority  of  cases,  is  very 
slow,  insinuating,  and  chronic.  Months  and  years  may  pass 
before  the  manifestations  have  so  far  developed  that  the  disease 
can  be  recognized  with  certainty.  And  then  the  trouble  often 
remains  stationary  for  years.  In  some  cases,  however,  the  mani- 
festations develop  more  rapidly,  and  may  within  a  few  months 
assume  the  form  of  the  typical  disease-picture. 

The  duration  of  the  disease  is  always  of  many  years,  and  is 
generally  to  be  reckoned  by  decades.  Complicated  cases  only — 
of  which  we  shall  speak  below — are  sometimes  of  short  dura- 
tion, and  run  their  course  to  a  fatal  termination  within  a  few 
years. 

Among  the  terminations  of  the  disease,  that  in  recovery  is 
probably  the  rarest,  although  not  quite  as  uncommon  in  this 
form  as  in  other  forms  of  chronic  spinal  paralysis.  Already  in 
two  cases  I  have  seen  complete  or  almost  complete  recovery  set 
in.    Several  cases  have  been  materially  improved. 

Generally,  however,  the  disease  remains  stationary  for  an 
indefinite  length  of  time,  or  makes  extraordinarily  slow  progress. 
It  does  not  seem,  of  itself,  to  threaten  life  directly  ;  in  most  cases 
death  occurs  through  accidental,  intercurrent  diseases. 

If  complications  arise,  these  may  cause  death ;  thus,  for  in- 
stance, bulbar  symptoms,  or  the  manifestations  of  severe  spinal 
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paralysis,  siicli  as  cystitis,  bed-sores,  etc.,  witli  their  evil  conse- 
quences, wliicli  produce  gradual  exhaustion  of  the  patient. 

Theory  of  tlie  Disease. 

The  theory  of  spasmodic  spinal  paralysis  cannot  as  yet  be 
firmly  established,  on  account  of  the  lack  of  reports  of  post-mor- 
tems. But  some  isolated  conclusions  may  still  be  drawn  from 
our  present  physiological  and  pathological  knowledge,  and  these 
will  here  be  given  in  brief. 

The  essential  features  in  the  sj^mptom-picture  of  spasmodic 
spinal  paralysis  are,  on  the  one  hand,  the  presence  of  paresis  and 
paralysis,  muscular  tension  and  contractures,  and  the  heighten- 
ing of  some  kinds  of  reflex  action  (that  of  the  tendons),  and,  on 
the  other  hand,  the  absence  of  disturbances  of  sensibility,  of 
vesical  and  sexual  weakness,  of  trophic  disturbances  of  the  skin 
and  muscles,  of  ataxy,  and  of  all  brain  symptoms. 

From  these  latter  negative  symptoms  we  may,  with  consider- 
able certainty,  exclude  certain  divisions  of  the  spinal  cord  from 
participation  in  the  disease,  viz. :  the  posterior  columns,  the  pos- 
terior gray  horns,  the  central  gray  substance,  and  probably  also 
a  great  part  of  the  anterior  gray  horns  ;  of  course,  also  the  brain. 

We  therefore  only  have  the  so-called  motor  portions  of  the 
spinal  cord  left  for  the  localization  of  the  disease,  that  is,  the 
antero-lateral  columns,  and  perhaps  also  a  portion  of  the  gray 
substance. 

More  recent  physiological  investigations  unanimously  indicate 
that  the  lateral  columns  at  least  quite  certainly  contain  motor 
tracts,  while  we  are  still  uncertain  with  regard  to  the  functions 
of  the  greater  part  of  the  anterior  columns  proper.  An  irrita- 
tion and  paralysis  of  these  motor  tracts  in  the  lateral  columns, 
caused  perhaps  by  an  inflammatory  affection,  might  accordingly 
very  well  explain  the  muscular  tensions  and  pareses  present  in 
our  disease.  The  entire  absence  of  atrophy  probably  justifies  us 
in  excluding,  with  some  certainty,  disease  of  the  motor  tracts 
within  the  gray  substance  ;  the  same  evidence,  as  Avell  as  the 
failure  of  the  reflexes,  positively  excludes  disease  of  the  anterior 
roots — therefore  probably  also  disease  of  those  portions  of  the 
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anterior  columns  traversed  by  tliese  roots.  If,  on  the  basis  of 
our  present  physiological  knowledge,  we  are  to  refer  the  existing 
manifestations  of  motor  irritation  and  paralysis  without  atrojjhy 
of  the  muscles  to  any  lesion  of  the  spinal  cord,  we  are  thus 
pointed  to  the  lateral  columns,  especially  to  the  posterior  divi- 
sions of  the  same,  which  contain  the  so-called  pyramidal  tracts 
of  the  lateral  columns  [Pyramidenseitenstrangbahnen]  (Flechsig). 

Then  the  increase  of  reflex  action  would  still  remain  to  be  ex- 
plained. This  can  hardly  be  referred  to  disease  or  increased 
irritability  of  the  gray  substance,  as  all  other  symptoms  of  dis- 
ease of  the  gray  substance  are  wanting.  The  only  explanation 
then  lies  in  a  lesion  of  the  tracts  which  control  reflex  action  ; 
according  to  the  investigations  of  Woroschiloff,  these  also  lie  in 
part  within  the  lateral  columns  ;  consequently  we  may  with  pro- 
priety refer  the  symptom  of  increased  reflex  action  of  the  ten- 
dons also  to  a  disease  of  the  lateral  columns. 

Pathological  experiences  coincide  with  this  in  a  significant 
manner.  If  a  unilateral  paralysis,  caused  b}'"  cerebral  apoplexy, 
has -contractures  and  increased  reflex  action  of  tendons  associated 
with  it,  anatomical  investigation  uniformly  demonstrates  the 
familiar  signs  of  descending  secondary  degeneration  of  the  lateral 
columns  of  that  side.  In  the  numerous  affections  of  the  spinal 
cord,  which  present  as  one  of  their  manifestations  secondary  de- 
generation of  the  lateral  columns  (transverse  myelitis,  m3^elitis 
from  compression,  hfematomyelia,  multiple  sclerosis,  etc.),  mus- 
cular tension,  contractures,  and  increased  reflex  action  of  the  ten- 
dons, are  found  in  addition  to  the  symptoms  of  the  fundamental 
affection.  In  amyotrophic  lateral  sclerosis  Charcot  has  several 
times  anatomically  demonstrated  sclerosis  of  the  lateral  columns 
as  a  very  probable  cause  of  paralysis,  contractures,  and  increased " 
reflex  action  of  the  tendons.  In  a  case  of  combined  sclerosis 
of  the  posterior  columns  and  the  lateral  columns,  Westplial,' 
in  addition  to  disturbances  of  sensibility,  found  paralysis 
with  muscular  twitchings  and  muscular  tension,  and  increased 
reflex  action  of  tendons.  As  these  symptoms  never  occur  in 
consequence  of  sclerosis  of  the  posterior  columns,  they  cannot 
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well  be  referred  to  anything  else  than  the  sclerosis  of  the  lateral 
columns. 

Physiological  and  pathological  experiences,  therefore,  with  a 
unanimity  that  is  worthy  of  consideration,  point  to  the  lateral 
columns  as  the  seat  of  disease ;  and  we  shall  probabl}''  not  go 
amiss  if,  as  Charcot  did  long  ago,  we  accept  a  chronic  inflam- 
matory process,  a  sclerosis  of  the  posterior  divisions  of  the 
lateral  columns,  as  the  highly  probable  anatomical  basis  of 
spasmodic  spinal  paralysis. 

But,  unfortunately,  we  thus  far  lack  conclusive  reports  of 
post-mortems.  Until  we  have  such,  this  assumption  remains  only 
a  very  probable  one  ;  and,  in  view  of  the  exceedingly  vacillating 
character  which  still  attaches  to  our  "physiological  and  patho- 
logical experiences"  concerning  the  spinal  cord,  we  shall  do  well 
to  await  the  definitive  confirmation  of  this  view  before  exchang- 
ing our  clinical  designation  for  an  anatomical  one. 

Complications. 

The  disease-picture  of  spasmodic  spinal  paralysis  does  not 
always  appear  in  its  clear,  typical  form.  Quite  apart  from  those 
cases  in  which  this  constitutes  only  one  of  the  features  in  the 
symptom-picture  of  other  diseases,  and  is  probably  to  be  re- 
garded as  the  expression  of  the  secondary  degeneration  of  the 
lateral  columns,  we  also  encounter  in  this  form  of  disease,  as 
well  as  in  numerous  other  spinal  diseases,  single  cases  in  which, 
while  the  sj^mptom -picture  of  spasmodic  spinal  paralysis  decid- 
edly dominates,  it  still  appears  complicated  with  single  symp- 
toms or  with  whole  series  of  symptoms,  which  give  evidence  of 
the  extension  of  the  disease  to  neighboring  or  remote  portions  of 
the  spinal  cord. 

In  my  detailed  work  alluded  to  above,  I  have  touched  some- 
what more  specifically  on  these  relations,  and  have  pointed  out 
the  fact  that  there  are  two  series  of  symptoms  in  particular 
which  complicate  the  disease-picture  of  spasmodic  spinal  paral- 
ysis in  this  way,  and  may  render  the  diagnosis  more  difficult. 
On  the  one  liand  there  are  the  symptoms  of  sclerosis  of  the  pos- 
terior columns,  of  actual  tabes  (slight  disturbances  of  sensibility, 
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swaying  on  closing  the  eyes,  slight  vesical  weakness,  lancinating 
pains,  distinct  ataxy,  etc.) ;  on  the  other  hand,  the  symptoms  of 
a  more  or  less  extensive,  more  or  less  progressive  atropJiy  of  the 
muscles,  which  arises  by  preference  in  the  upper  extremities. 

So  far  as  complicated  cases  of  the  first  vaiiety  are  concerned, 
to  which  Berger  already  drew  attention,  all  possible  gradations 
of  tabes  symptoms  occasionally  take  place  in  them,  sometimes 
only  slight  subjective  disturbances  of  sensibility,  combined  with 
some  vesical  weakness,  sometimes  lancinating  pains,  parsesthe- 
sias,  and  the  sense  of  a  tight  girdle,  combined  with  indications 
of  ataxy,  swaying  on  closing  the  eyes,  etc. ;  sometimes  the  tabes 
symptoms  (anaesthesia,  ataxy,  vesical  and  sexual  weakness)  may 
even  stand  in  the  foreground,  and  only  the  simultaneous  pres- 
ence of  paresis,  muscular  tension,  and  especially  of  increased 
reflex  action  of  tendons,  gives  evidence  of  the  existence  of  spas- 
modic spinal  paralysis  likewise.  There  are  also  cases  in  which 
the  diametrically  opposite  of  the  typical  forms  of  spasmodic 
spinal  paralysis  and  tabes  are  more  or  less  mingled,  and  in  which 
one  may  be  in  doubt  whether  to  credit  them  more  to  the  one  or 
to  the  other  form  of  disease. 

The  doubt  in  such  cases  may  be  most  easily  solved  on  the 
assumption — which  seems  the  most  natural  and  the  most  appli- 
cable— that  we  here  have  to  deal  with  a  combination  of  sclerosis 
of  the  posterior  columns  with  sclerosis  of  the  lateral  columns. 
Such  cases  have  frequently  been  seen — their  existence  in  the  last 
stages  of  tabes  is  well  enough  known, — and  Westphal,  in  the 
work  cited  above,  especially  pointed  out  their  occurrence.  But 
this  question,  too,  can  only  be  cleared  up  by  conclusive  results 
of  post-mortem  examinations. 

In  the  complicated  cases  of  the  second  variety,  likewise,  there 
are  all  possible  gradations  of  muscular  atrophy  to  be  observed. 
Sometimes  one  sees  merely  a  simple,  not  very  high  grade  of  ema- 
ciation of  the  paralyzed  extremities,  with  or  without  scanty 
fibrillar  contractions,  or  there  are  more  distinct  atrophic  condi- 
tions, which  may  remind  one  of  beginning  progressive  muscuhir 
atrophy.  This  is  seen  particularly  in  the  upper  extremities,  and 
is  sufficiently  designated  by  the  atrophy  of  the  small  muscles  of 
the  hand,  the  sinking  of  the  inter-me4acarpal  spaces,  the  charac- 
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teristic  claw-shape  of  the  hands,  etc.  But  recently  two  cases 
have  fallen  under  my  observation  in  which  the  typical  manifes- 
tations of  spasmodic  spinal  paralysis  were  supplemented  b}'  this 
atrophy  of  the  muscles  of  the  hand  on  paretic  upper  extremities. 

To  explain  this  complication,  we  must  suppose  that  the  scle- 
rotic process,  which  we  believe  to  exist  in  the  spinal  cord,  extends 
to  the  gray  anterior  horn — with  special  ease  and  frequency  in 
the  cervical  enlargement — and  from  here  produces  the  muscular 
atrophy  by  lesion  of  the  large  ganglion-cells. 

But  the  highest  degree  of  this  combination  of  spasmodic  spi- 
nal paralysis  with  muscular  atrophy  is  presented  by  those  cases 
in  which  the  atrophy  of  the  upper  extremities  shows  a  rapidly 
progressive  character,  in  which  bulbar  symptoms  associate  them- 
selves with  it  sooner  or  later,  and  within  a  few  years  the  disease 
leads  to  a  fatal  termination. 

These  cases,  which  were  formerly  generally  counted  in  with 
actual  "progressive  muscular  atrophy,"  but  which  may  be 
sharply  distinguished  from  the  typical  form  of  the  same,  have  of 
late  been  more  carefully  investigated,  anatomically  and  clinic- 
ally, by  Charcot,  who  has  drawn  a  disease-picture  of  the  same  in 
his  customary  masterly  manner,  and  given  it  the  name  of 

Sclerose  Later  ale  AmyotropJiique. 

We  will  here  devote  a  little  space  to  the  discussion  of  this 
disease,  as  it  appears  to  us  to  bear  an  undoubted  relationship  to 
spasmodic  spinal  paralysis,  although  it  differs  from  the  latter  in 
some  not  unimportant  points.  As  we  do  this  in  a  manner  that 
implies  no  prejudgment  of  the  case,  we  reserve  the  right,  in  case 
further  investigation  of  this  interesting  disease  should  justify  it, 
to  assign  to  it  another  more  appropriate  place. 

According  to  Charcot,  amyotrophic  lateral  sclerosis  is  char- 
acterized as  follows : 

The  disease  generally  begins  in  the  upper  extremities  with 
motor  weakness,  to  which  a  more  diffuse  muscular  atrophy  is 
soon  added,  with  fibrillar  twitchings,  etc.  Then  muscular  ten- 
sion and  contractures  are  developed,  Avhicli  bring  the  arms  into 
a  permanently  deformed  position  :  the  upper  arm  is  pressed  fast 
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to  the  trunk,  the  forearm  half  flexed  and  pronated,  hand  and 
fingers  strongly  flexed.  Whatever  movements  can  still  be  exe- 
cuted are  weak  and  tremulous.  The  muscular  atrophy  progresses 
rapidly ;  sometimes  there  is  lipomatous  hypertrophy  of  the  same. 

In  a  case,  evidently  belonging  here,  and  which  is  furthermore  of  interest,  because 
the  disease  is  developed  on  a  young  man  who  carries  about  him  the  sequels  of  an 
attack  of  the  "spinal  paralysis  of  childhood,"  galvanic  examination  shows  the 
most  pronounced  reaction  of  degeneration  in  the  extremely  atrophied  muscles  of 
the  upper  extremities,  while  the  excitability  of  the  nerve-trunks  is  nevertheless 
preserved.  In  a  very  marked  case,  Berger  found  normal  qualitative  and  quantita- 
tive electrical  excitability  in  the  nerve-trunks. 

After  a  longer  or  shorter  time,  usually  after  from  six  to  nine 
months,  the  lower  extremities  are  also  attacTced  ;  sometimes  formi- 
cation and  numbness  set  in,  always  paresis,  advancing  to  final 
paralysis  ;  to  these  are  added  muscular  tension,  permanent  con- 
tractures, generally  contractures  in  the  position  of  extension  in- 
creased reflex  action  of  tendons.  At  first  there  is  no  atrophy  in 
the  lower  extremities  ;  the  muscles  are  tense  and  firm  ;  no  anes- 
thesia, no  paralysis  of  the  sphincters,  no  bed-sores.  It  is  not  tiU 
very  late  that  fibrillar  contractions  take  place,  and  gradually 
diftuse  atrophy  of  the  legs  ;  then  the  contractures  diminish 

Finally,  m  a  third  stage,  the  manifestations  of  bulbar  paral- 
ysis are  added  to  the  preceding:  paralysis  and  atrophy  of  the 
tongue  and  lips,  paresis  of  the  pharynx  and  larynx,  finally  dis- 
turbances of  respiration,  which  before  very  long  induce  death. 
_  rhe  malady  develops  itself  rapidly,  and  is  said  always  to 
induce  death  in  from  one  to  three  years. 

The  characteristics  of  the  disease  then  are :  the  paralysis  and 
contracture,  with  rapid,  diffuse  muscular  atrophy  in  the  upper 
extremities  ;  the  paralysis,  with  contracture  and  afterwards  atro- 
phy in  the  lower  extremities  ;  the  final  manifestations  of  bulbar 
paralysis. 

.J^^l  ^^^^f  of  post-mortems,  Charcot,  Joffroy,  Gombault, 
and  others,  found  symmetrical  sclerosis  of  the  lateral  columns 
and  degenerative  atrophy  of  the  anterior  gray  horns,  with  loss 
01  the  large  ganglion-cells. 

Charcot  refers  the  paresis  and  contracture  to  the  sclerosis  of 
the  lateral  cohimns^^the  muscular  atrophy  to  the  degeneration  of 
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the  gray  substance  ;  the  bulbar  paralysis  to  the  extension  of  this 
degeneration  to  the  nerve-nuclei  in  the  medulla  oblongata. 

The  lateral  sclerosis  is  said  to  be  the  primary  step  ;  from  the 
lateral  columns  the  process  passes  over  to  the  anterior  gray 
horns,  perhaps  by  conduction  along  the  physiological  tracts 
which  lead  from  the  lateral  columns  to  the  large  ganglion-cells 
of  the  anterior  horns. 

The  distinction  between  amyotrophic  lateral  sclerosis  and  the 
typical  form  of  spasmodic  spinal  paralysis  is  evident  from  the 
earlier  involvement  of  the  upper  extremities,  from  the  superven- 
tion of  muscular  atrophy  and  of  bulbar  paralysis,  and,  finally, 
from  the  rajDid  course  of  the  former.  It  differs  from  progressive 
muscular  atrophy  in  the  fact  that,  in  amyotrophic  lateral  scle- 
rosis, the  atrophy  is  preceded  by  paralysis,  and  that  there  are  con- 
tractures in  the  uniform  atrophy  which  extends  over  whole  mus- 
cular masses,  and  in  its  decidedly  more  rapid  pernicious  course. 

According  to  the  experiences  thus  far  before  us,  which  are  of 
course  by  no  means  final,  the  prognosis  of  amyotrophic  lateral 
sclerosis  seems  to  be  absolutely  unfavorable. 

Further  investigations  with  regard  to  this  interesting  form  of 
disease  are  greatly  to  be  desired. 

Diagnosis. 

The  disease-picture  of  spasmodic  spinal  paralysis  is  so  charac- 
teristic that  it  can  always  be  recognized  with  the  greatest  ease, 
especially  when  it  is  uncomplicated.  The  sum  of  the  positive 
symptoms  (paresis,  paralysis,  muscular  tension,  contractures, 
increased  reflex  action,  of  tendons,  a  development  which  is  slowly 
and,  as  a  rule,  systematically  progressive  from  below  upwards, 
etc.),  and  of  the  negative  symptoms  (absence  of  ana3sthesia,  of 
vesical  and  sexual  weakness,  of  atrophy,  of  bed-sores,  of  cerebral 
symptoms),  usually  establish  the  prognosis  with  certainty. 

We  mast  remember  to  distinguish  it  from  the  following  forms 
of  disease : 

First,  from  myelitis  transversa  (myelitis  from  compression, 
haematomyelia,  etc.).  In  this  we  regularly  find,  besides  the 
motor,  also  sensitive  paralysis  of  various  degrees,  vesical  weak- 
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ness,  bed-sores ;  the  paraplegia  is  developed  more  rapidly  and 
completely,  but  the  upper  boundary  of  the  paralj  tic  manifesta- 
tions remains  stationary.  Reflex  action  of  the  skin,  as  a  rule,  is 
materially  heightened.  To  this  are  usually  added  extreme  evi- 
dences of  sensitive  irritation,  at  the  beginning  ;  furthermore, 
those  manifestations  of  the  disease  which  indicate  the  existence 
of  compression,  etc. 

In  fairly  well-marked  cases,  spasmodic  spinal  paralysis  is 
very  easily  to  be  distinguished  from  tahes  dorsalis.  In  tabes 
there  are  lancinating  pains,  the  sense  of  a  tight  girdle,  sensitive 
disturbances,  the  lowering  of  muscular  sense,  swaying  on  closing 
the  eyes,  disturbance  of  certain  cranial  nerves,  ataxy,  a  flinging, 
stamping  gait,  vesical  and  sexual  weakness,  no  paresis  or  paraly- 
sis, no  muscular  tension  and  contractures,  the  entire  absence  of 
all  tendon  reflexes.  In  spasmodic  spinal  paralysis  we  have  the 
opposite  of  all  this.  In  all  typical  cases,  therefore,  the  distinc- 
tion will  be  easily  made.  In  those  cases,  however,  in  which  a 
combination  of  the  two  classes  of  symptoms  is  recognizable,  we 
shall  be  enabled,  according  to  the  hints  given  above,  to  recog- 
nize the  greater  or  less  participation  on  the  part  of  each  disease 
by  the  preponderance  of  one  or  the  other  set  of  symptoms. 

This  disease  is  to  be  distinguished  with  certainty  from  poUo- 
myditis  anterior  clironica  (chronic  atrophic  spinal  paralysis ;  see 
farther  on)  by  the  fact  that,  in  the  latter,  a  high  degree  of  atrophy 
of  the  paralyzed  muscles  is  very  rapidly  developed,  with  loss  of 
faradic  excitability  and  with  the  reaction  of  degeneration  ;  that 
there  is  an  entire  loss  of  the  reflex  action  of  tendons;  and  that 
contractures,  if  they  do  occur,  at  first  only  attack  the  antago- 
nists of  the  paralyzed  muscles.  The  development  of  the  paraly- 
sis is  furthermore  very  much  more  rapid. 

In  most  cases  the  distinction  between  this  disease  and  multi- 
ple sclerosis  is  easy,  except  when  the  latter,  at  the  beginning, 
makes  its  first  and  only  localization  in  the  lateral  columns,  and 
then  presents  itself  quite  under  the  typical  picture  of  spasmodic 
spinal  paralysis.  In  that  case  a  diagnostic  distinction  between 
the  two  is  simply  impossible.  Not  until  the  moment  when  the 
multiple  sclerosis  makes  further  localizations,  and  causes  these 
to  be  noticed  by  further  more  or  less  characteristic  symptoms 
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(sensitive  disturbances,  psycliical  changes,  disturbances  of  cer- 
tain cranial  nerves,  nystagmus,  ataxy,  trembling,  disturbances 
of  speecli,  etc.),  shall  we  be  able  to  settle  the  diagnosis,  with  in- 
creasing certainty,  in  favor  of  multiple  sclerosis. 

In  distinguishing  between  paralysis  from  lesions  of  the 
Cauda  equina  and  other  peripheral  paralyses^  the  following 
may  be  considered  as  decisive  symptoms :  the  absence  of  disturb- 
ances of  sensibility  and  muscular  atrophy,  the  retention  of  elec- 
trical excitability  and  the  increase  of  the  reflex  action  of  tendons. 

The  proper  significance  of  those  cases  of  spasmodic  spinal 
paralysis  which  assume  a  hemiplegic  form  will  easily  be  recog- 
nized on  giving  them  a  little  attention.  They  are  readily  to  be 
distinguished  from  Brown-Sequard' s  unilateral  lesion  of  the  spi- 
nal cord,  which  we  shall  describe  in  the  following  section,  by  the 
absence  of  crossed  anaesthesia  and  other  symptoms  to  be  de- 
scribed in  that  section.  Over  against  cerebral  hemiplegia  we 
must  remember  that  spasmodic  spinal  paralysis,  as  a  rule,  begins 
in  the  lower  extremities,  and  advances  but  very  slowly  to  the 
upper ;  that  the  upper  extremities  are  usually  much  more  lightly 
attacked ;  that  muscular  tension  and  contractures  are  developed 
early  ;  that  disturbances  of  sensibility,  as  well  as  all  symptoms 
on  the  part  of  the  head  and  cranial  nerves,  are  entirely  wanting. 
In  view  of  these  signs,  it  will  not  be  easy  to  be  mistaken. 

The  presence  of  the  symptom-picture  of  spasmodic  spinal 
paralysis  in  mixed  and  complicated  forms  of  disease  (transverse 
myelitis,  myelitis  from  compression,  multiple  sclerosis,  amyo- 
trophic lateral  sclerosis  in  connection  with  sclerosis  of  the  poste- 
rior columns,  etc.)  will  generally  be  easily  recognized  by  its 
characteristic  signs. 

Prognosis. 

According  to  the  experience  thus  far  before  us,  spasmodic 
spinal  paralysis  seems  to  run  a  less  pernicious  course  than  tlie 
forms  of  chronic  spinal  disease  thus  far  studied.  On  the  one 
hand,  it  seems  to  be  compatible  with  an  unlimited  duration  of 
life  (if  very  decided  complications  do  not  exist),  and  this  doubt- 
less depends  on  the  absence  of  those  disturbances  of  the  bladder 
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—cystitis,  bed-sores,  etc.  —which  so  often  bring  a  fatal  termina- 
tion. On  the  other  hand,  the  disease  is  capable  of  improvement, 
and,  in  a  few  cases,  also  of  recovery.  I  have  thus  far  seen  as 
good  as  complete  recovery  in  two  cases,  and  material  improve- 
ment in  three  ;  though  it  is  true  that  most  cases  receive  no  bene- 
fit from  treatment.  The  prognosis,  as  regards  life,  is  therefore, 
in  general,  very  favorable  ;  as  regards  recovery,  it  is  at  least  more 
favorable  than  in  the  other  forms  of  chronic  myelitis. 

If  complete  paralysis  and  extreme  contractures  have  once  set 
in,  we  can  hardly  expect  any  improvement. 

Certain  complications,  especially  muscular  atrophy,  bulbar 
symptoms,  etc.,  of  course  vitiate  the  prognosis  to  a  greater  or 
less  degree.  Furthermore,  this  is  naturally  also  dependent  on 
the  general  and  special  circumstances  of  the  individual  case. 


Therapeutics. 

All  that  we  have  said  above  with  regard  to  the  treatment  of 
chronic  myelitis,  and  that  of  tabes,  might  also  be  applied  to  the 
therapeutics  of  spasmodic  spinal  paralysis,  as  this  disease  is 
doubtless  most  intimately  related  to  those  just  mentioned. 

As  one  of  the  means  which  has  thus  far,  in  my  own  hands  and 
those  of  others,  afforded  the  best  results,  may  be  mentioned  the 
galvanic  current ;  its  application  is  to  be  conducted  entirely 
according  to  the  general  principles  repeatedly  laid  down. 

Aside  from  this,  the  use  of  a  reasonably  conducted  cold-water 
cure  deserves  the  greatest  confidence ;  gaseous  saline  thermal 
springs  may  also  be  used ;  simple  thermal  waters,  unless  most 
carefully  managed,  are  objectionable. 

Internally  we  may  first  try  the  nitrate  of  silver,  and  then  the 
other  remedies  mentioned  above.  Strychnine  is,  under  all  cir- 
cumstances, contraindicated. 

With  reference  to  diet,  method  of  life,  exercise,  living  in  the 
open  air,  the  regulating  of  sleep,  of  sexual  intercourse,  etc.,  I 
refer  my  reader  to  the  discussion  of  these  points  as  cited  above. 
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14.  Unilateral  Lesion  of  the  Spinal  Cord — Brown-SequarW  s 
Spinal  Paralysis — Hemiplegia  et  Hemiparaplegia  Spinalis. 

Brown-Sequard,  Course  of  Lectures  on  the  Physiol,  and  Pathol,  of  the  Central  Nerv. 
Syst.  Philacl.  1860. — Recherches  sur  la  transmission  des  impressions  de  tact, 
de  chatouillement,  de  douleur,  etc.,  dans  la  moelle  ep.  Journ.  d.  1.  Physiol,  de 
I'homme  et  des  animaux.  VI.  pp.  124,  233,  581.  1863.  (Also  contains  most  of 
the  older  cases.) — On  spinal  hemiplegia.  Lancet.  1868.  Vol.  11.  jjp.  593,  059, 
755,  821. — Recherches  sur  le  trajet  des  diverses  esp^ces  de  conducteurs  d'im- 
pressions  sensit.  dans  la  moBlle  ep.  Arch,  de  Physiol.  L  p.  610  u.  716.  IL  p. 
286  u.  693.  1868  u.  IQQQ.—Vigues,  Plaie  de  la  moelle  6p.  dans  la  region  dor- 
sale.  Monit.  des  hop.  1855.  p.  838. — Bland  RadcUffe,  Lancet.  1865.  May  27. 
— Bazire,  Lancet.  1865.  July.  p.  116. —  Uspenslcy,  Zur  Pathologic  des  R.-M. 
Virch.  Arch.  Bd.  35.  S.  301.  imQ.—Jaccoud,  Lepons  de  clin.  m6d.  Paris,  1867. 
p.  451, — Perroud,  Journ.  de  m6dec.  de  Lyon.  Vol.  X.  p.  385.  1868. — Charcot, 
Hemiparaplegie  d6termin6e  par  une  tumeur,  etc.  Arch,  de  Physiol.  IL  p.  291. 
1869. — C.  J.  F.  RicJiter,  Fall  von  einseitiger  Riickenmarksverletzung.  Diss. 
Berlin,  1868. — M.  Rosenthal,  Ueber  spinale  Halbseitenlahmungen.  Oestcrr. 
Zeitschr.  f.  pr.  Heilk.  1867.  Nr.  47-52.— Klin.  d.  Nervenkrankh.  2.  Aufl.  S. 
395.  1875. — Paoluzzi  (Gantani),  Affez.  di  una  meta  laterale  del  midoU.  spin, 
etc.  Morgagni.  Disp.  XL  1870. — Fieber,  Klin.  Stud.  iib.  d.  Brown-SSquard'sche 
Spinallahmung.  Wien.  med.  Zeitung.  1871.  Nr.  21-23. —  W.  Mueller,  Beitr. 
zur  pathol.  Anat.  und  Phys.  des  R.-M.  Fall  1.  Leipzig,  1871.— Jbj^roy  5oZ- 
mon,  Plaie  d.  1.  moSlle  6p.  dans,  la  r6g.  dorsale.  Gaz.  m6d.  de  Par.  1872.  Nr. 
6-8. — Charcot  et  Qombault,  L6s.  dissem.  des  centres  nerv.  chez  une  femme 
Byphil.  Arch.  d.  Phys.  V.  p.  143.  1873. — Riegel,  Halbseitige  Riickenmarksver- 
letzung. Berl.  klin.  Woch.  1873.  Nr.  18. — Troisier,  Deux  cas  de  lesions 
sclereuses,  etc.  Obs.  n.  Arch.  d.  Physiol.  V.  p.  709.  1873. — Lanzoiii,  Sifiloma 
sulla  porzione  infer,  etc.  II  Morgagni,  1874.  Marzo. — M.  Bernhardt,  Halb- 
seitige Riickenmarksverletzung.  Arch.  f.  Psych,  u.  Nervenkrankh.  IV.  S.  227. 
1874.— Fza;,  Einseitige  Verletzung  des  verl.  Marks  u.  s.  w.  Correspondenzbl.  d. 
iirztl.  Ver.  im  Rheinland.  1874.  Nr.  14.  (Centralbl.  1875.  Nr.  22.)— Bur resi, 
Lo  Sperimentale.  1871.  Gennajo.  1875.  Nov.  (s.  Virch ow-Hirsch  Jahresber. 
.  1871  u.  1875.)— ff.  V.  DalVArmi,  Halbseitige  Verletzung  des  R.-M.  Diss. 
Wurzb.  1875. — Feder.  Alessandrini,  Ferita  della  meta  destra  del  mid.  cervic. 
infer.  Annal.  univers.  Oct.  1876. — JJ.  Koehicr,  Die  Lehre  von  der  spinaleu 
Hemiplegie.  Deutsches  Arch.  f.  klin.  Medic.  Bd.  XIX.  S.  169.  1877. 

Introduction  and  History. 

This  section  treats,  not  of  a  single,  definite  form  of  disease, 
but  of  various  different  diseases  of  the  spinal  cord  (such  as 
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traumatic  injuries,  inflammation,  compression,  sclerosis,  tumors, 
syphilis,  etc.),  all  of  wliicli,  however,  by  reason  of  their  definite 
localization,  acquire  such  characteristic  features  that  they  may 
be  treated  of  under  one  common  head.  The  very  peculiar  pic- 
ture of  disease  here  presented  depends  on  tlie  localization  of  the 
trouble  in  one  lateral  half  of  tlie  spinal  cord — the  more  or  less 
complete  destruction  of  one  entire  lateral  half  of  a  transverse  sec- 
tion of  the  cord,  while  the  longitudinal  extent  of  the  diseased 
process  may  vary  exceedingly. 

To  Brown-Sequard,  in  particular,  belongs  the  credit  of  having 
exhaustively  studied  this  group  of  symptoms,  both  by  means  of 
clinical  observations  on  the  human  subject  and  by  numberless 
experiments  on  the  lower  animals,  and  of  having  established, 
beyond  all  doubt,  the  fact  of  its  frequent  occurrence.  He  was 
the  first  who  asserted,  with  all  positiveness,  that  the  sensory 
fibres  decussated  in  the  spinal  cord  already,  and  who  thereupon 
demonstrated  that  section  of  one-half  of  the  spinal  cord  produced 
quite  a  peculiar  group  of  symptoms,  the  chief  characteristic  of 
which  consists  in  the  crossed  Sensory  and  motor  paralysis.  This 
assertion  gave  rise  to  a  long  and  vigorous  war  among  physiolo- 
gists, which  may  now  be  considered  as  virtually  settled  in  favor 
of  Brown-Sequard. 

In  his  great  work,  which  appeared  in  1863,  this  author  also 
endeavored  to  establish  these  phj^'siological  facts  as  applying  to 
man,  and  for  this  purpose  collected  and  critically  worked  up 
such  clinical  material  as  could  be  obtained.  In  so  doing  he 
created  the  pathology  of  unilateral  lesions. 

It  is  true  that,  before  Brown-Sequard's  labors,  a  number  of 
cases  belonging  under  this  head  had  been  described  in  literature 
(for  example,  by  Monod,  Charles  Bell,  Gintrac,  and  others),  but 
generally  without  any  comprehension  of  the  pathogeny  of  the 
same.  These  cases  were  first  caused  to  be  understood  through 
the  labors  of  Brown-Sequard. 

Since  the  accomplishment  of  this  fundamental  work,  numer- 
ous observations  have  been  published  under  tliis  head.  In  some 
few,  immaterial  points,  they  have  served  to  extend  and  render 
more  precise  the  doctrines  of  Brown-Sequard,  but  in  all  essential 
points  they  have  served  only  to  confirm  and  establish  those  doc- 
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trines.  Quite  recently  Koebner  lias  put  forth  au  ample  treatise 
on  tliis  affection,  based  on  a  collection  of  most  of  the  known 
cases. 

Definition. 

What  we  propose  to  do  here  is  to  present  a  brief  and  essen- 
tially symptomatic  picture  of  those  forms  of  spinal  disease 
which,  anatomically  spealcing,  have  only  this  much  in  commou 
— that  they  are  more  or  less  sharply  and  more  or  less  completely 
localized  on  one-half  of  the  spinal  cord,  while  they  may  vary  as 
to  their  longitudinal  extent,  or  as  to  the  height  at  which  they  are 
situated. 

These  cases  are  clinically  characterized  by  unilateral  motor 
paralysis — either  hemiparaplegia  or  hemiplegia — on  the  side  of 
the  lesion ;  by  crossed  anaesthesia  on  the  opposite  side  of  the 
body  ;  by  symptoms  referable  to  the  roots  of  the  nerves,  and  cor- 
responding exactly  with  the  height  at  which  the  lesion  is  situa- 
ted ;  and  by  a  series  of  other  manifestations  which  may  vary  very 
much,  according  to  the  seat  and  extent  of  the  process,  but  which 
are  also  severally  very  characteristic  of  the  different  portions  of 
the  spinal  cord  which  may  be  affected. 

Etiology  and  Pathological  Anatomy. 

As  we  have  in  this  connection  to  deal  with  various  kinds  of 
lesions  of  the  spinal  cord,  we  cannot  very  well  speak  of  any  spe- 
cial etiology.  The  causes  which  respectively  give  rise  to  these 
various  lesions  may  also  serve  as  causes  of  the  unilateral  par- 
alysis. 

It  is  only  necessary  here  to  enumerate  those  pathological  pro- 
cesses in  the  spinal  cord  which  occasionally  affect  one-half  of 
the  cord  ;  if  any  one  so  chooses,  he  may  regard  chese  as  the  im- 
mediate causes  of  the  "unilateral  lesion." 

By  far  the  most  frequent  cause  is  to  be  found  in  traumatic 
injuries  which  happen  to  involve  only  one-half  of  the  spinal 
cord,  and  thus,  as  it  were,  perform  the  experiment  of  cutting  one 
lateral  half  of  the  cord  in  man.    Instances  of  wounding  of  the 
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spinal  cord  by  blows  with  a  knile  or  dagger  are  especially  Xre- 
quent  in  literature  (see  the  cases  of  Brown-Sequard,  Vigues,  W. 
Mueller,  Eiegel,  Joffroy,  Vix,  and  others).  Such  pointed  instru- 
ments may  very  easil}'"  reach  the  spinal  cord  through  a  wound  at 
tlie  side  of  tlie  spinal  column,  may  penetrate  the  cord  more  or 
less  deeply,  and  more  or  less  completely  divide  one-half  of  the 
same.  The  position  of  the  intervertebral  fissures  readily  ex- 
plains why,  in  the  majority  of  such  instances,  only  one-half  of 
the  cord  is  wounded. 

Compression  of  the  spinal  cord  from  without  is  the  next 
cause  which  not  infrequently  alfects  one-half  of  the  cord  mainly 
or  exclusively,  thus  giving  rise  to  the  manifestations  of  a  unilat- 
eral lesion.  Tliis  may  arise  from  meningeal  tumors  (cases  of 
Charcot,  Gintrac,  Ore),  or  from  fracture  or  dislocation  of  the  ver- 
tebrse  (cases  of  Brown-Sequard),  or  doubtless,  also,  through  intra- 
meningeal  effusion  of  blood.  It  is  probably  in  this  category  that 
we  should  place  those  cases  in  which  the  manifestations  of  a 
unilateral  lesion  are  developed  after  falling  headlong  or  falling 
upon  one's  back. 

But  the  same  array  of  symptoms  may  likewise  be  called  forth 
by  processes  developed  within  the  spinal  cord  itself  in  one  of  its 
lateral  halves.  This  has  been  seen  to  occur  as  the  result  of 
liemorrhage  in  one  lateral  half  of  the  cord  (Monod' s  case) ;  as 
the  result  of  a  unilateral  circumsd'ibed  sclerosis  (Troisier's  case) ; 
as  the  result  of  chronic  myelitis,  developed  in  consequence  of 
taking  cold  or  of  concussion  of  the  spine,  or  spontaneously  and 
gradually  (Uspensky,  Radcliffe,  Paoluzzi,  etc.)  ;  as  the  result  of 
an  intramedullary  tumor  (Gendrin) ;  and  finally,  as  the  result  of 
syphilitic  affections  (Charcot  et  Gombault,  Lanzoni).  In  short, 
all  possible  acute  or  chronic  affections  of  the  spinal  cord  may 
produce  the  features  of  unilateral  lesion  whenever  they  extend 
over  the  greater  part  of  one  lateral  half  of  the  cord. 

Symptoms. 

The  characteristic  group  of  symptoms  belonging  to  a  unilat- 
eral lesion  may  either  be  developed  very  gradually  and  insid- 
iously or  quite  suddenly.     This,  of  course,  depends  altogether 
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upon  the  nature  of  the  fundamental  lesion :  the  stab  of  a  knife 
calls  the  entire  group  of  symptoms  into  being  at  one  blow ;  a 
circumscribed  sclerosis  induces  but  a  very  gradual  development 
of  these  symptoms. 

The  peculiar  signs  of  tliis  affection  are  as  follows :  On  the  side 
of  the  lesion  there  is  motor  paralysis,  which  is  confined  to  this 
side,  therefore  is  unilateral,  which  may  merely  involve  one  leg 
(hemiparaplegia),  or,  if  the  lesion  is  situated  higher  u.p,  may  also 
attack  the  arm  of  the  same  side  (spinal  hemiplegia).  A  marked 
contrast  is  presented  by  the  other  side,  the  one  opposite  to  the 
seat  of  the  lesion,  which  is  either  entirely  free  from  all  motor 
paralysis,  or  is  affected  only  to  a  slight  and  subordinate  degree. 

Evidences  of  xaso-motor  paralysis  are  also  generally  found 
on  the  side  of  the  lesion,  especially  if  the  affection  has  been 
rapidly  developed  (as  in  traumatism,  hemorrhage,  etc.).  The 
temperature  of  the  paralyzed  limbs  appears  more  or  less  ele- 
vated, to  the  extent  of  1.8°  Fahrenheit  and  more. 

Muscular  sensibility  and  muscular  sense  are  diminished  on 
the  affected  side,  according  to  the  evidence  of  various  observers 
(Brown- Sequard,  Burresi,  Vix).  Lanzoni  alsri  found  electro- 
muscular  sensibility  lowered  on  the  affected  side  ;  while  in  one 
case,  in  which,  it  is  true,  the  paralysis  was  but  incomplete,  Bern- 
hardt found  the  so-called  sense  of  power  [Kraftsinn]  retained. 

The  sensibility  of  the  slcin,  on  the  other  hand,  acts  very 
remarkably.  The  entire  paralyzed  side  shows  more  or  less  con- 
siderable hyper CBsthesia  for  all  qualities  of  sensation.  Impres- 
sions of  touch,  of  temperature,  or  of  pain  are  recognized  with 
extraordinary  and  even  with  j)ainful  acuteness  ;  sensitiveness  to 
tickling  is  exceedingly  marked  and  disagreeable ;  the  test  by 
means  of  Weber's  compasses  usually  demonstrates  greater  acute- 
ness in  the  power  of  localizing  sensations  of  touch.  Sometimes, 
however,  this  hypersesthesia  is  limited  to  certain  single  varieties 
of  sensibility. 

The  hypersesthetic  region  of  skin  is,  in  many  instances, 
bounded  above  by  an  ancesthetic  belt,  generally'-  narrow,  though 
sometimes  wider,  which  corresponds  exactlj^  with  the  height  and 
longitudinal  extent  of  the  lesion  in  the  spinal  cord.  In  some 
instances  another  narroio  hyper  aesthetic  zone  may  be  demon- 
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strated  above  the  ansestlietic  belt,  tlie  former  extending,  althougli 
with  less  distinctness,  to  the  opposite  side,  and  surrounding  this 
likewise  as  with  a  girdle. 

The  conditions  of  reflex  action  on  this,  the  paralyzed  side, 
are  variously  reported  in  different  instances :  Paoluzzi,  Riegel, 
and  others  have  found  reflex  action  increased  ;  Bazire,  Brown- 
Sequard,  and  others  have  found  it  diminished.  Very  special 
interest  might  here  be  attached  to  the  state  of  reflex  irritability 
of  the  tendons,  and  yet,  up  to  the  present  time,  this  has,  to  all 
intents  and  purposes,  not  been  tested  at  all.  In  one  case  of  uni- 
lateral lesion  caused  by  an  intramedullary  tumor,  I  found  the 
reflex  irritability  of  the  tendons  materially  increased.  In  a  case 
of  traumatic  unilateral  lesion  Jolfroy  and  Solmon  report  the 
existence — though  not  until  several  weeks  after  a  traumatic  uni- 
lateral lesion — of  clonic  spasm  of  the  dorsum  of  the  paralyzed 
foot.    (Secondary  degeneration  of  the  lateral  column  ?) 

On  file  side  of  the  iody  opposite  to  the  seat  of  lesion  the  fol- 
lowing conditions  are  found : 

There  are  no  motor  disturbances,  or  they  are,  at  most,  ex- 
tremely insignificant ;  all  movements  can  be  executed  easily, 
safely,  and  powerfully.  The  sensitimness  of  the  muscles^  as 
well  as  electro-muscular  sensibility  (Lanzoni),  is  retained. 

On  the  other  hand,  more  or  less  complete  ancesthesia  of  the 
skin  exists  to  a  height  corresponding  with  that  of  the  lesion. 
All  varieties  of  sensibility — that  to  touch,  temperature,  pain,  and 
tickling — are,  as  a  rule,  equally  affected,  though  sometimes  one 
may  be  somewhat  more,  another  somewhat  less  so.  There  may 
even  be  very  well-defined  partial  paralysis  of  sensation,  as  in  a 
case  reported  by  Koebner.  The  anaesthesia  extends  exactly  to 
the  median  line  of  the  body,  as  may  be  distinctly  demonstrated 
on  the  trunk,  the  scrotum,  etc. 

Now  and  then  a  narrow,  slightly  liypercesthetic  zone  may  be 
found  at  the  upper  limit  of  the  anesthetic  region,  the  former 
corresponding  with  the  similar  zone  of  the  other  side. 

Reflex  action  generally  seems  to  be  retained  and  normal  on 
this  side,  although  in  some  cases  it  has  been  found  to  be  in- 
creased (Brown-Sequard,  Bazire).  In  the  case  above  referred  to 
I  found  it  normal. 
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On  this  side,  too,  there  is  no  naso-motor  paralysis — at  least, 
in  recent  cases.  The  temperature  is  normal,  and  therefore  lower 
than  that  of  the  paralyzed  side.    Sometimes,  however,  and  this 

seems  to  be  especially  true  where 
the  affection  has  existed  for  a  long- 
er time,  the  reverse  is  found  to 
be  the  case :  the  anaesthetized  is 
warmer  than  the  paralyzed  side, 
which  latter  then  shows  an  abnor- 
mally low  temperature. 

In  the  accompanying  diagram  the  char- 
acteristic difference  in  the  two  sides  is  rep- 
resented, so  far  as  it  relates  to  the  skin  symp- 
toms. It  is  assumed  that  there  is  a  unilateral 
lesion  of  but  slight  longitudinal  extent  about 
the  middle  of  the  dorsal  region,  in  the  left 
half  of  the  spinal  cord.  The  left  loAver 
extremity  and  left  lower  half  of  the  trunk 
show  motor  and  vaso-motor  paralysis,  as 
well  as  hypertEsthesia  of  the  skin  {a) ;  above 
this  there  is  a  narrow  anaesthetic  zone,  cor- 
responding to  the  longitudinal  extent  of  the 
lesion  (&);  and  above  this  again  a  narrow 
hyper£esthetic  zone,  which  likewise  extends, 
like  a  girdle,  over  the  right  side  (c).  The 
right  side  shows  complete  anaesthesia  {d). 

This  diagram  would  be  modified  accord- 
ing to  tlie  seat  and  extent  of  the  lesion.  If 
the  lesion  is  situated  higher  up,  the  upper 
extremity  may  fall  within  the  domain  of  the 
anaesthetic  zone  (5);  or,  if  the  lesion  were 
seated  still  higher,  this  zone  would  fall  in 
the  region  of  the  throat  and  neck,  and  the 
upper  extremity  would  become  hypersesthetic 
and  paralyzed.  If  the  longitudinal  extent 
of  the  lesion  increases,  the  width  of  the 
anaesthetic  zone  (&)  also  increases ;  it  may,  for  instance,  extend  over  the  entire 
length  of  the  trunk,  and  then  the  characteristic  dilferences  of  sensibility  between 
the  two  sides  would  apijear  only  on  the  lower  extremities. 


Fig.  12.  Diagrammatic  representation  of  the 
skin  symptoms  in  unilateral  lesion  of  the  dorsal 
portion  of  the  spinal  cord  on  the  left  side.  The 
diagonal  shading  signifies  motor  and  vaso-motor 
paralysis;  the  vertical  shading  signifies  anses- 
thesia  o£  the  skin  ;  the  dotted  shading  indicates 
hypersesthesia  of  the  skin. 


Aside  from  these  main  symptoms  of  a  unilateral  lesion, 
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other  less  constant  and  less  cliaracteristc  manifestations  may 
be  observed  in  individual  instances. 

It  is  not  uncommon  to  meet  with  a  painful  feeling  of  con- 
striction at  the  height  of  the  lesion ;  also  with  all  sorts  of 
painful  sensations  (burning,  darting,  boring  pain,  etc.),  which 
sometimes  occur  most  prominently  on  the  anaesthetic  side,  some- 
times on  that  which  is  paralyzed  and  hypersesthetic,  and  some- 
times on  both  sides. 

Distinct  disturhances  in  tlie  evacuation  of  the  hladder  and 
hoioels  are  almost  always  present.  In  the  acute  traumatic  cases 
it  is  especially  common  to  find  severe  paralytic  symptoms  at 
the  beginning  of  the  attack  (complete  retention  or  complete  in- 
continence, involuntary  stools,  etc.),  which,  however,  generally 
soon  recede  and  give  place  to  lighter,  more  permanent  troubles 
(weakness  of  the  bladder,  weakness  of  the  sphincters).  Some- 
times these  disturbances  are  very  insignificant. 

The  sexual  powers  act  in  the  same  way ;  generally  are  more 
or  less  diminished,  though  sometimes  they  remain  unchanged. 

Decided  emaciation  of  the  paralyzed  side  generally  sets  in 
quite  early,  sometimes  making  remarkably  rapid  progress.  This 
symptom  is  also  present  in  quite  chronic  cases. 

Corresponding  to  this,  the  paralyzed  side  has,  in  a  number 
of  instances,  shown  a  notable  lowering  of  faradic  irritability 
(W.  Mueller,  Joffroy,  and  Solmon).  This  is  a  point,  however,  on 
which  further  observation  is  much  needed.  In  a  very  chronic 
case  of  mine,  which  had  arisen  spontaneously,  there  was  moder- 
c'lte  emaciation  and  but  slight  diminution  of  electrical  irritabilitj'". 
Everything  probably  depends  upon  the  seat  and.  the  nature  of 
the  lesion. 

Among  the  more  rare,  although  not  less  interesting  symptoms, 
we  may  mention  the  occurrence  of  gangrenous  bed-sores  on  tlie 
anesthetized  side  (Yigues,  Charcot,  Joffroy  et  Solmon),  and  the 
development  of  an  inflammatory  knee-joint  affection  in  the  para- 
lyzed leg  (Vigues,  Joffroy  et  Solmon). 

Finally,  we  must  not  fail  to  mention  that  the  two  last  named 
observers,  with  the  return  of  motility  in  their  case,  witnessed  tlie 
occurrence  of  well-marked  ataxy. 
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Pathological  Physiology  of  the  Disease. 

Physiologists  have  instituted  numberless  experiments  on  the 
course  of  the  motor,  vaso-motor,  and  sensitive  tracts,  from  the 
brain  through  the  cord  to  the  roots  of  the  spinal  nerves,  and  have 
especially  and  thoroughly  ventilated  the  question  of  the  crossing 
of  the  various  tracts. 

Tlie  course  of  the  motor  tracts  was  soon  made  clear,  and  there 
are  no  longer  any  serious  differences  of  opinion  with  regard  to 
this.  There  is  no  doubt  that  for  the  most  part  they  decussate 
high  up  in  the  spinal  cord  and  the  medulla  oblongata,  in  the 
pyramids,  and  the  motor  tracts  for  each  side  of  the  body  run  in 
that  same  side  of  the  cord.  Section  of  the  right  side  of  the  cord, 
therefore,  causes  motor  paralysis  of  the  right  extremities  and  the 
right  half  of  the  trunk. 

The  interesting  results  of  Flechsig's  researches '  have  shown  even  this  relation  to 
be  only  j)artly  correct.  It  appears  that  the  pyramidal  tracts  only  in  jjart  pursue  a 
crossed  course  (in  the  posterior  lateral  columns),  and  in  part  run  their  couree 
uncrossed  (at  the  inner  portion  of  the  anterior  columns  of  the  same  side — [Htll- 
senvorderstrangband]).  A  vicarious  relation  exists  between  these  two  portions; 
sometimes  the  greater  part  of  the  tracts  runs  in  the  lateral  columns  and  is  crossed, 
sometimes  in  the  anterior  columns  and  is  uncrossed.  Consequently,  very  variable 
symptoms  may  arise  on  unilateral  section  of  the  spinal  cord  :  complete  paralysis  on 
the  side  of  section,  or  complete  paralysis  on  the  opposite  side,  or  incomplete  bila- 
teral paralysis.  The  first  of  these  conditions,  according  to  pathological  experience, 
is  by  far  the  most  frequent. 

What  has  been  said  of  motor  tracts  is  also  true  of  xaso-motor 
tracts,  at  least  to  a  great  degree  ;  indeed,  more  recent  investiga- 
tions have  again  proved  that  the  principal  mass  of  these  tracts 
run  their  course  in  the  lateral  columns,  and  are  uncrossed.  A 
lesion  of  these  tracts  would  therefore  manifest  itself  upon  the 
same  side  of  the  body.  At  the  same  time,  their  relations  are 
somewhat  complicated  by  the  existence  of  the  nerve-centres  lying 
within  the  spinal  cord  itself,  which  have  recently  been  demon- 
strated by  Goltz  and  others. 


■  Paul  Fleclisig,  Die  Leitungsbahneu  iiu  Gehlru  uud  Ruckeumark  dea  Menschen. 
Leipzig,  187G.  S.  291. 
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On  the  other  hand,  a  difference  of  opinion  long  existed  with 
regard  to  the  'point  of  crossing  of  the  sensiii'oe  tracts.  Brown - 
Seqiiard  was  probably  the  most  positive  in  his  assertion,  based 
upon  his  numerous  experiments,  of  their  complete  crossing  with- 
in the  spinal  cord.'  He  stated  that  the  sensitive  tracts,  conduct- 
ing the  sensations  of  touch,  temperature,  pain,  and  tickling,  de- 
cussated with  those  of  the  other  side  very  near  their  point  of 
entrance  into  the  spinal  cord,  and  then  ran  to  the  brain  in  the 
opposite  half  of  the  cord.  The  only  tracts  which  did  not  take 
part  in  this  crossing,  but  ran  through  the  cord  on  their  own  side 
of  the  body,  like  the  motor  tracts,  were  said  to  be  those  concerned 
in  the  phenomena  of  muscular  sense  (which  enter  the  cord  with 
the  anterior  roots).  Brown-Sequard  also  gave  other  details  which 
have  thus  far  not  proved  of  so  much  practical  importance.  Ac- 
cording to  him,  the  four  different  conducting  tracts  cross  at  dif- 
ferent heights  ;  those  concerned  in  the  sensation  of  temperature 
crossing  somewhat  earlier  than  the  rest.  During  their  farther 
course  they  lie  separated  from  one  another  within  certain  definite 
segments  of  the  cord,  the  sensitive  tracts  of  the  lower  extremities 
being  said  to  lie  behind  those  of  the  upper  extremities  in  the  cer- 
vical portion  of  the  cord. 

These  teachings  were  long  combated  by  many.  But  in  more 
recent  times  they  have  won  universal  recognition,  especially  on 
the  basis  of  numerous  pathological  observations  made  on  man. 
Even  Schiff^  has  recently  admitted  their  correctness  for  man, 
and  it  appears  that  part  of  the  opposition  to  these  teachings  was 
due  to  the  fact  that  the  relations  of  these  tracts  is  not  the  same 
in  all  classes  of  animals,  but  that  incomplete  decussations  fre- 
quently occur.  It  has  likewise  been  proved  that  centripetal 
fibres  concerned  in  the  production  of  reflex  action  also  have  a 
crossed  course  within  the  cord  (Miescher,  Nawrocki). 

Section  of  one-half  of  the  spinal  cord  would  therefore  cause 
anaesthesia  of  the  opposite  side  for  sensations  of  touch,  pain, 
temperature,  and  tickling,  while  on  the  side  of  section  these  sen- 


'  Coraptes  rendus  de  la  Soc.  de  Riolog.  1849.  Gaz.  hebdorn.  1855.  Nos.  31  and  36. 
Journ  de  la  Physiol,  de  I'homme,  etc.  1858.  Vol.  L  p.  170. 
•  Centralblatt  f.  d.  medic.  Wissensch.  1872.  No.  49. 
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sations  would  be  retained,  but  that  of  muscular  sensibility  would 
be  lost,  which,  in  its  turn  again,  would  be  retained  on  the  oppo- 
site side. 


The  accompanying  diagram  gives  a  representation  of  the  course  of  the  principal 


conducting  tracts  within  the  spinal  cord. 


The  motor  and  vaso-motor  tracts  (1  and 
1'),  which  make  their  entrance,  or 
rather  their  exit,  through  the  anterior 
root  («),  remain  on  the  same  side  of 
the  spinal  cord.  The  same  thing  is 
true  of  the  tracts  concerned  with  mus- 
cular sensibility  (3  and  2'j.  The  sen- 
sitive tracts  concerned  in  the  sensa- 
tions of  touch,  temperature,  pain,  and 
tickling  (3  and  3'),  which  enter 
through  the  posterior  roots  (7t),  at 
once  cross  to  the  other  side  of  the 
spinal  cord,  and  pursue  their  course 
upward  on  that  side.  Section  through 
the  right  half  of  the  spinal  cord  at  the 
height  of  a  would  then  affect  the  mo- 
tor, vaso-motor,  and  musculo-sensitive 
tracts  of  the  right  side  (1  and  2)  and 
the  cutaneous  sensitive  tracts  of  the 
left  side  (3'). 

Physiologists  have  fur- 
thermore discovered  the  fact 
that  section  of  one-half  of  the 


Fig.  i;i  Scherantic  representation  of  the  course  of  the  g-pinal  COrd  CaUSeS  a  hiffh  dC- 
l)rmcipal  tracts  within  the  spinal  cord  belonging  to  one  ^  " 
pair  of  nerves.  »,  anterior,  //.,  posterior  root.  1,  motor 
and  vaso-motor  tracts.  2,  tracts  for  muscular  sensibility. 
3,  tracts  for  cutaneous  sensibility  on  the  right  side ;  1', 
2',  3'.  the  same  on  the  left  side.  The  aiTows  indicate  the 
direction  of  physiological  conduction. 


gree  of  cutaneous  Jiypei'cestlie- 
sia  oftlie  same  side^  extend- 
ing to  all  varieties  of  sensa- 
tion. This  fact  has  not  yet  been  satisfactorily  explained.  It 
is  in  part  referred  to  the  secondary  inflammation  of  the  cord 
following  the  wound,  and  the  greater  irritability  of  the  sensitive 
tracts  caused  by  this  inflammation ;  and  in  part  to  the  with- 
drawal of  certain  controlling  influences  which  hold  the  irritabil- 
ity of  the  sensitive  nerves  within  bounds,  and  whose  tracts  re- 
main on  the  same  side  of  the  cord. 

The  concUtio7is  of  reflex  action,  on  unilateral  section  of  the 
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cord,  do  not  seem  to  liave  received  sufficient  study  at  the  hands 
of  phj'siologists  ;  we  still  lack  definite  teachings  on  this  subject. 
The  conditions  seem  to  vary  somewhat  in  different  animals ;  at 
all  events,  the  relations  of  reflex  action  to  unilateral  section  of 
the  spinal  cord  are  not  established  with  sufficient  certainty  to 
admit  of  our  deducing  a  law  therefrom.  Nor  do  pathological 
observations  on  man  lead  to  satisfactory  conclusions  on  this  sub- 
ject. According  to  Woroschiloff's  experiments  it  would  appear 
that  the  fibres  which  control  or  check  reflex  action  in  a  given 
lower  extremity  run  their  course  principally  in  the  same  half  of 
the  cord,  those  which  call  forth  reflex  action  principally  in  the 
opposite  half  of  the  cord. 

At  the  same  time  we  have  a  sufficient  number  of  well-authen- 
ticated facts  entirely  to  explain  the  most  important  manifesta- 
tions of  unilateral  lesions.  In  case  of  simple  unilateral  section 
(for  instance,  at  a  in  Fig.  13),  we  find  motor  and  vaso-motor 
paralysis  of  the  same  side,  together  with  a  diminution  of  muscu- 
lar sense,  and  a  high  degree  of  cutaneous  hypersesthesia.  On 
the  opposite  side  there  is  complete  ansesthesia  of  the  skin,  while 
mobility  and  muscular  sense  are  retained,  and  the  fulness  of  the 
blood-vessels  is  normal.  In  fact,  the  correspondence  of  such 
cases  with  the  results  obtained  in  physiological  experiments  is 
quite  complete. 

If  the  unilateral  lesion,  however,  is  of  somewhat  greater  lon- 
gitudinal extent,  if  it  extends  over  the  domain  of  several  enter- 
ing roots,  then  another  characteristic  symptom  arises  in  the  form 
of  an  ana3sthetic  zone  on  the  paralyzed  side,  lying  above  the  hy- 
perassthetic  region^  and  corresponding  \vith  the  latter  in  width. 
The  origin  of  this  anaesthetic  zone  is  easily  explained.  It  is  due 
to  the  implication  of  root-fibres  of  the  same  side  before  their 
crossing  ;  the  more  of  these  implicated,  the  wider  will  be  the  an- 
sesthetic  zone  ;  in  progressive  cases  it  may  gradually  extend  over 
the  entire  trunk. 

This  relation  may  also  bo  made  clear  by  a  simple  diagram.  Fig.  14  represents 
the  course  and  the  crossing  of  the  sensitive  nerve-tracts  of  five  successive  pairs  of 
posterior  nerve-roots.  If  we  now  suppose  a  lesion  of  the  right  half  of  the  cord,  ex- 
tending over  tlie  shaded  space,  this  will  involve  tlie  sensitive  tracts  of  the  nerve- 
roots  r,  2',  and  3'  of  the  left  side  as  well  as  the  sensitive  tracts  of  all  roots  on  the 
VOL.  XIII.— 43 
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left  side  coming  from  still  further  back,  thus  causing  a  crossed,  left -sided  ansesthe- 
sia  as  high  as  the  root  3'.  It  will,  however,  at  the  same  time  involve  the  sensitive 
tracts  of  the  roots  2,  3,  and  4  on  the  right  side,  and  will  cause  anaesthesia  within 

the  domain  of  these  nerves ;  this  anaesthesia 
/D-J*       jf'-o'  will  therefore  be  zone-like,  occurring  on  the 

side  of  the  lesion,  while  all  sensitive  tract* 
entering  behind  the  roots  involved  cross  over 
to  the  left  side  unscathed,  and  continue  their 
course  undisturbed  to  the  brain. 


The  narrow  hyperfBsthetic  zone 
in  some  cases  observed  above  tlie 
anjesthetic  belt — and,  indeed,  to  a 
more  marked  degree  on  the  side 
of  lesion  than  on  the  opposite  side 
— is  explained  by  Brown-Sequard 
on  the  ground  that  the  descending 
fibres  of  the  posterior  roots  fall 
within  the  range  of  the  lesion.  It 
is  a  matter  of  no  practical  signifi- 
cance. 

We  have  thus  seen  the  charac- 
teristic manifestations  of  a  unilate- 
ral lesion  satisfactorily  accounted 
for  by  known  physiological  facts. 
This  is,  likewise,  none  the  less  true 
with  regard  to  certain  manifesta- 
tions which  supervene  when  the 


TiQ.  14.  Diagrammatic  representation  of 
the  lesion  of  sensitive  tracts  in  unilateral  le- 
sion of  the  right  side,  to  the  extent  of  the 
shaded  space.  All  sensitive  tracts  of  corre- 
sponding height,  as  well  as  those  coming  from 
further  back,  on  the  left  tide,  are  interrupted. 
On  the  right  side  only  those  are  interrupted 
which  enter  by  the  roots  from  1  to  3. 

Numbers  0  to  5  represent  the  sensitive  tracts 
of  the  nght  side,  entering  with  the  posterior 
roots ;  0'  to  5'  the  same  on  the  left  side. 


seat  of  the  lesion  is  very  high,  in 
the  cervical  portion  of  the  cord.  These  manifestations  consist, 
for  example,  of  vaso-motor  disturbances  in  the  face,  on  the  side 
of  lesion,  and  the  corresponding  half  of  the  head  ;  in  evidences 
of  paralysis  of  the  sympathetic  in  the  neck,  on  the  same  side 
(contraction  of  the  pupil,  narrowing  of  the  palpebral  fissure, 
sinking  of  the  eye  in  the  orbit),  etc. 


Certain  differences  in  the  symptoms  will  occur  according  to 
the  height,  within  the  spinal  cord,  at  which  the  lesion  is  situated. 
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We  must  not  fail  briefly  to  notice  these,  althougli,  in  fact,  they 
follow,  as  a  matter  of  course,  from  our  knowledge  of  the  physi- 
ology of  the  different  divisions  of  the  spinal  cord. 

In  a  unilateral  lesion  of  the  lumbar  enlargement  of  the  cord, 
in  addition  to  the  characteristic  symptoms  (paralysis  and  hyper- 
<esthesia  of  the  lower  extremity  of  the  same  side,  anaesthesia  of 
that  of  the  opposite  side,  etc.),  an  anaesthetic  zone  may  be  found 
on  the  paralyzed  side,  corresponding  to  the  area  of  distribution 
of  one  or  more  lumbar  nerves,  being  situated  on  the  pelvis,  the 
abdomen,  the  region  of  the  groin,  the  anterior  surface  of  the 
thigh,  etc.,  thus  constituting  a  zone  which  need  not  be  exactly 
belt-like.  By  this  means  the  anaesthesia  may  appear  to  be  dif- 
fused over  both  lower  extremities,  but  on  careful  examination  it 
will  be  easy  to  recognize  the  true  condition. 

A  unilateral  lesion  of  the  dorsal  portion  of  the  cord  presents 
the  most  characteristic  picture  of  symptoms,  inasmuch  as  the 
sharp  distinction  between  the  two  lower  extremities,  as  regards 
their  motor  and  sensory  disturbances,  stands  forth  with  the  ' 
greatest  prominence.  The  hyperaesthesia  and  paralysis  of  the 
one,  the  anaesthesia  and  complete  mobility  of  the  other,  appear 
in  glaring  contrast ;  the  difference  extends,  in  similar  manner,  to 
the  trunk,  ascending  to  a  variable  height ;  the  belt-like  anaesthe- 
sia of  the  paralyzed  side  becomes  prominent,  sometimes  bounded 
by  a  narrow  hyperaesthetic  zone  above  (see  Fig.  12). 

In  unilateral  lesions  of  the  cervical  portion  of  the  cord  the 
relations  are  much  more  complicated,  and  often  indistinct,  espe- 
cially if  the  lesion  is  just  at  the  cervical  enlargement.  Aside 
from  the  manifestations  in  the  face,  the  eyes,  and  certain  cranial 
nerves,  which,  in  this  case,  may  complicate  the  picture  of  disease 
in  an  interesting  manner,  numerous  varieties  of  the  picture  may 
be  due  to  the  higher  or  lower  seat,  and  to  the  greater  or  less 
.longitudinal  extent  of  the  lesion  within  the  cervical  enlargement. 
A  little  consideration  shows  how  varied  the  motor  paralysis  in 
the  upper  extremity  may  be,  according  as  the  lesion  involves  the 
domain  of  the  upper  or  lower  roots  of  the  brachial  plexus,  and 
how  manifold  the  relations  of  hyperaesthesia  to  anaesthesia  in 
tlie  upper  extremity  of  the  same  side  may  and  must  be  accord- 
ing to  the  kind  and  the  number  of  areas  presided  over  by  indi- 


660    ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

vidual  nerve-roots  which  are  directly  involved.  The  possible 
combinations  that  may  here  arise  cannot  all  be  cited,  but  if  one 
has  formed  a  clear  conception  of  these  relations,  and  mastered 
them  in  a  simple  case,  he  will  also  solve  the  problem  in  more 
complicated  and  difficult  cases. 

The  symptoms  presented  in  such  a  case  are  as  follows :  In  the 
lower  extremities  and  on  the  trunk  the  same  conditions  as  in  a 
lesion  of  the  dorsal  portion  ^paralysis,  loss  of  muscular  sense, 
elevated  temperature,  and  hypersesthesia  on  the  side  of  the 
lesion ;  anaesthesia,  normal  temperature  of  the  skin,  no  motor 
disturbances,  normal  muscular  sense  on  the  opposite  side).  In 
the  upper  extremities,  on  the  side  of  the  lesion,  we  find  more  or 
less  muscles  and  nerve -domains  paralyzed,  hypersesthesia  in 
some  or  in  all  parts,  mingled  with  anaesthesia  of  certain  regions  of 
skin  or  for  certain  varieties  of  sensation  ;  on  the  opposite  side  no 
paralysis,  more  or  less  complete  anaesthesia  in  all  or  in  individual 
parts. 

The  neck  and  head,  on  the  side  of  the  lesion,  sometimes  show 
anaesthesia  and  hypersesthesia  of  individual  portions  of  the  neck, 
manifestations  of  paralysis  of  the  vaso-motor  and  oculo-pupillary 
fibres  (higher  temperature  of  that  side  of  the  head  and  body, 
heightened  sensibility,  narrowing  of  the  palpebral  fissure,  con- 
traction of  the  pupil,  etc.);  on  the  opposite  side,  sometimes 
anaesthesia  of  the  neck  (and  a  narrow  zone  of  hypersesthesia),  a 
normal  condition  of  the  face  and  eye. 

Naturally  enough,  this  complicated  group  of  symptoms  is 
liable  to  manifold  variations  in  individual  instances. 


As  a  matter  of  course,  but  little  that  is  of  general  applica- 
bility can  be  said  with  regard  to  the  course,  duration,  and  ter- 
mination of  this  malady,  on  account  of  the  varjdng  character  of 
the  anatomical  changes  which  lie  at  the  foundation  thereof,  and 
we  must  therefore  refer  the  reader  mainly  to  what  has  been 
stated  in  previous  sections  concerning  wounds  of  the  spinal  cord, 
compression,  chronic  myelitis,  sclerosis,  etc. 

The  development  of  the  characteristic  group  of  symptoms 
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may  either  occur  quite  suddenly,  or  may  but  slowly  and  gradu- 
ally advance  to  a  certain  degree  of  completeness. 

It  then  but  rarely  remains  stationary  and  unchanged  for  any 
considerable  length  of  time.  The  lesion  generally  extends  fur- 
ther, in  part  through  the  transverse  diameter  of  the  cord,  and  in 
part  longitudinally. 

In  most  traumatic  lesions  the  former  change  usually  takes 
place  early,  the  traumatic  inflammation  quickly  spreading  over 
the  entire  transverse  diameter  of  the  cord.  Paraplegia  at  once 
follows,  and  we  have  before  us  the  picture  of  transverse  myelitis, 
which  may  end  in  death.  Not  rarely,  however,  the  paraplegia 
again  recedes,  and  we  recur  to  the  symptomatic  picture  of  a  uni- 
lateral lesion,  which  may  then  continue  unchanged  for  many 
years.  In  not  a  few  instances  complete  recovery  has  been  seen 
to  follow  such  traumatic  unilateral  lesions.  It  is  singular  that, 
according  to  Brown-Sequard,  the  disturbances  of  motion  disap- 
pear earlier  and  more  completely  than  those  of  sensation,  the 
reverse  of  which  holds  good  in  case  of  peripheral  injury  of  the 
nerves. 

In  the  more  chronic  cases  a  similar  course  is  maintained  ;  the 
sclerosis  or  the  tumor  extends  gradually  over  the  entire  trans- 
verse diameter  of  the  cord ;  paraplegia  occurs,  followed  by  its 
resulting  evils,  and  the  further  progress  of  the  affection  is  deter- 
mined by  the  fundamental  process  upon  which  it  is  based. 

The  lesion  may,  however,  also  extend  longitudinally,  gradu- 
ally advancing  upwards.  The  sclerosis  or  tumor  may  thus 
slowly  creep  upwards,  and  this  does  not  usually  occur  without 
serious  modification  of  the  typical  symptomatic  picture,  inas- 
much as  lateral  extension  usually  goes  hand  in  hand  therewith. 
The  final  result  is  then  likewise  determined  by  the  fundamental 
affection. 

Diagnosis. 

In  view  of  the  characteristic  symptoms  presented,  the  diagno- 
sis of  a  unilateral  spinal  lesion  is  usually  extremely  easy. 

The  distinction  between  this  and  other  forms  of  hemiplegia 
or  hemiparaplegia  is  very  simple. 
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Hemiparaplegia  from  lesion  of  one  side  of  the  cauda  equina 
may  be  recognized  by  the  fact  that  here  the  paralysis  and  anaes- 
thesia are  to  be  found  on  the  same  side,  and  also  that  they  gen- 
erally affect  only  certain  individual  nerve-domains  of  the  lower 
extremities. 

The  hemiplegic  form  of  spasmodic  spinal  paralysis  is  easily 
to  be  recognized  by  the  absence  of  all  disturbances  of  sensation, 
therefore,  also,  of  crossed  ansesthesia,  the  absence  of  any  disturb- 
ance of  the  bladder,  etc. 

The  unilateral  spinal  lesion  may  at  all  times  be  readily  dis- 
tinguished from  any  form  of  cerebral  hemiplegia  by  the  fact 
that  in  the  latter  there  is  either  no  disturbance  of  sensation,  or 
it  is  to  be  found  on  the  same  side  as  the  paralysis ;  that  there  is 
one-sided  paralysis  of  the  face  and  of  the  tongue  ;  that  there  are 
disturbances  of  various  cranial  nerves  and  other  head-symptoms, 
etc. 

With  regard  to  the  Mnd  of  lesion  that  exists,  it  will  some- 
times be  difficult  in  non-traumatic  cases  to  arrive  at  a  diagnosis. 
We  can  only  attempt  to  overcome  this  difficulty  by  the  help  of 
general  pathological  and  diagnostic  principles. 

Prognosis. 

The  prognosis' of  unilateral  lesions  is  governed  entirely  by  the 
form  of  disease  lying  at  the  foundation  of  the  lesion.  It  may  be 
remarked  of  traumatic  cases  that  they  justify  a  comparatively 
favorable  prognosis,  as  with  proper  handling  the  majority  of 
them  end  in  recovery.  Aside  from  these,  the  prognosis  in  indi- 
vidual cases,  is  the  same  with  that  of  other  similar  affections  of 
the  spinal  cord,  which  are  not  localized  on  one  side  of  the  cord. 

Therapeutics. 

Of  course,  there  is  no  distinctive  treatment  for  the  unilateral 
spinal  lesion.  What  concerns  us  is  merely  the  proper  treatment 
of  those  spinal  affections  which  are  sometimes  localized  in  one 
lateral  half  of  the  cord. 

The  principles  and  methods  which  are  applicable  in  the  treat- 
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ment  of  wounds  of  the  spinal  cord,  of  compression  of  the  cord, 
of  chronic  myelitis  and  sclerosis,  of  hemorrhages  and  new  forma- 
tions in  the  substance  of  the  cord,  of  spinal  syphilis,  etc.,  may 
also  be  brought  into  play  in  corresponding  cases  of  unilateral 
lesions. 

15.  Acute  Inflammation  of  the  Gray  Anterior  Columns  {Ante- 
rior Horns]. — Poliomyelitis  Anterior  Acuta  {KussmauT). — 
Spinal  Infantile  Paralysis  {von  Heine).  —  Acute  Spinal 
Paralysis  of  Adults. — Acute  Atrophic  Spinal  Paralysis. — 
Paralysie  Atrophique  de  VEnfance  {Duchenne). 

J.  e.  Heine,  Beobb.  iiber  Lahmungszustiinde  der  unteren  Extremitaten  und  deren 
Behandlung.  1840. — Ueber  spinale  Kindeilahmung.  3.  Aufl.  1860. — Badhavi, 
Lond.  Med.  Gaz.  1836.— i^^7Ke^,  Gaz.  m6d.  de  Paris.  1851.  p.  GQl.—Rillict  c-t 
Barthez,  Traitfi  clin.  et  prat,  des  malad.  des  enfants.  Paris.  1853.  Tom.  11. — 
Duchenne  (de  Boulogne),  de  I'filectrisation  localisSe.  1855.  2.  6d.  1861.  3.  Cd. 
1872. — Paralysie  atroph.  graisseuse  de  I'enfaiice.  Gaz.  bebdom.  1855. —  Voyt, 
Ueb.  d.  essentielle  Lahmung  der  Kinder.  Bern.  1858. — Bierhawn,  Die  Paralyse 
der  Kinder.  Journ.  f.  Kinderkrankh.  1859.  Heft  1  u.  2. — Brunniche,  Ueb.  die 
sog.  essent.  Lahmung  bei  kleinen  Kindern.  Journ.  f.  Kinderkrankh.  1861.  Bd. 
36.  S.  366.— Corm7,  Compt.  rend,  de  la  Soc.  d.  Biolog.  1863.  p.  \%1  .—Duchenne 
fils,  Atroph.  graiss.  de  I'enfance.  Arch,  gener.  1864. — Laborde,  De  1.  paralys. 
dite  essentielle  de  I'enfance.  ThSse.  Paris.  1864. — Roger,  Paralysie  infantile. 
Annal.  de  I'Eiectric.  1865. — Prevost,  Compt.  rend.  d.  la  Soc.  d.  Biol.  1865. 
XVII.  p.  215. — Mor.  Meyer,  Die  Elektricit.  in  ihrer  Anwendung  u.  s.  w-  3.  Aufl. 
1868.  S.  209. —  G.  Salomon,  Zur  Diagn.  u.  Therapie  einiger  Lahmungsformcn 
im  kindl.  Alter.  Jahrb.  f.  Kinderheilk.  N.  Folge  I.  S.  310.— Bouchut,  Nature 
et  trait,  des  paral.  essent.  de  I'enf.  Union  mCd.  1867. — Johnson  and  Lockhart 
Clarke,  Extreme  Muscul.  Atrophy,  etc.  Med.-chir.  Transact.  LI.  p.  249.  1868. 
—  Charcot  et  Joffroy,  Gas  de  paralys.  infant,  spin,  avec  ISsions  des  corn,  ant^r. 
etc.  Arch,  de  Pliysiol.  norm,  et  path.  III.  p.  134.  1370. — Parrot  et  Joffroy, 
Note  sur  un  cas  de  paral.  infant.  Ibid.  HI.  p.  309. —  Vulpian,  Gas  d'atroph. 
muse,  graiss.  etc.  Ibid.  III.  p.  316.  1870. —  Volkmann,  Ueb.  Kinderliihmung 
und  paralyt.  Contracturen.  Samml.  klin.  Vortr.  Nr.  1.  1870. — Duchenne  et  Jof- 
froy, Do  I'fttroph.  aigu(5  et  chron.  des  cellules  nerveuses,  etc.  Arch.  d.  Physiol, 
in.  p.  499.  1870. — Roger  et  Damaschino,  Rech.  anat.-pathol.  sur  la  paral.  spin, 
de  I'enf.  Gaz.  mCd.  de  Par.  1871.  Nr.  41  fi.—  W.  Mueller,  Beitr.  zur  pathol. 
Anat.  u.  Phys.  des  menschl.  R-M.  Beob.  2.  1871. — A.  Eulenhurg,  Lehrb.  der 
function.  Nervenkrankh.  1871.  S.  607. — Dvjardin-Beaumetz,  De  la  mySlitc 
aigue.  1872.  p.  103. — Jlitzig  nnd  Juergenscn,  Zur  Therapie  der  Kinderliihmung. 
Deutsch.  Arch.  f.  klin.  Med.  IX.  S.  330.  1872.— PetH/ils,  Con8id6rat.  sur 
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Tatroph.  aigu(i  dcs  cellul.  motrices.  Paris.  1873. —  OombauU,  Note  sur  un  cas  de 
paral.  spin,  de  I'adulte  suivi  d'autopsie.  Arch,  de  Phys.  V.  p.  80.  1873. — Bern- 
Jiardt,  Ueb.  cine  d.  spinal.  Kinderlahm.  alinl.  Affect.  Erwachsener.  Arch.  f. 
Psych,  u.  Nervenhraukh.  IV.  S.  370.  1873.— Beitr.  zur  Lehre  v.  d.  acut. 
atroph,  Spiuallahm.  Erwachs.  Ibid.  VII.  S.  313.  1877.— J/".  Roth,  Anat.  Befund 
bei  spin.  Kinderliihmung.  Virch.  Arch.  Bd.  58.  S.  263.  IHTii.—Bernlieim,  Dic- 
tion, encycl.  des  scienc.  ni6d.  2.  S6r.  Tom.  VIII.  1874. — Mary  Putnam  Jacohi, 
Americ.  Journ.  of  Obstetr.  June.  1874.— C.  Lange,  Hoap,  Tid.  2.  R.  L  Aarg. 
1874  (Virchow-Hirsch,  Jahrcsber.  pro.  1874.  II.  S.  lQi).—Frey,  Ueb.  tempo- 
rare  Lahra.  Erwachsener  u.  s.  w.  Berl.  klin.  Wochenschr.  1874.  Nr.  1-3. — 
Charcot,  Le9on3  sur  les  mal.  du  syst.  nerv.  II  Ser.  3.  fascic.  1874. — Prevost  et 
David,  Note  sur  un  cas  d'atroph.  des  muscles  de  I'gmin.  thenar,  etc.  Arch,  de 
Phys.  VI.  p.  595.  1874. — Seguin,  Spinal  Paralysis  of  the  Adult.  Transact, 
New  York  Acad,  of  Medic.  1874.  Nov. — Eri,  Ueber  acute  Spinallahmung  bei 
Erwachscnen  u.  s.  w.  Arch.  f.  Psych,  u.  Nervenkrankh.  V.  S.  758.  1875. — 
Leyden,  Beitr.  zur.  pathol.  Anat.  d.  atroph.  Lahm.  d.  Kinder  u.  d.  Erwachs. 
Ibid.  VI.  S.  271.  1875.— Klinik  der  Riickenmarkskrankh.  II.  S.  552.  1876.— 
Weiss,  Ein  Fall  von  acut.  Spinallahm.  bei  Erwachs.  Diss.  Breslau.  1875. — G. 
BurcMardt,  Physiol.  Diagnost.  d.  Nervenkrankh.  S.  174.  1875.— i?!  T.  Miles, 
Case  of  Acute  Spin.  Paral.  Transact.  Americ.  Neurolog.  Assoc.  for  1875.  p. 
217.— M.  Rosenthal,  Klin.  d.  Nervenkrankh.  2.  Aufl.  S.  409.  IQl^.—Dejerine, 
Note  sur  I'gtat  de  1.  moBlle  6p.  etc.  Arch.  d.  Physiol.  VII.  p.  253.  2875.— 
mond,  Observ.  de  myel.  centrale.  Gaz.  m6d.  de  Paris.  1875.  Nr.  18. — Deux  cas 
de  paralys.  essent.  de  I'enfance.  Ibid.  Nr.  19. —  Wharton  SinJcler,  Falsics  ot 
Children.  Americ.  Journ.  of  Med.  Sc.  April.  1875.  p.  348.— TT.  Saitder,  Ueb. 
Ruckwirkung  d.  spin.  Kinderlahm.  auf.  die  motor.  Gebiete  der  Hirnrinde. 
Centralbl.  f.  d.  med.  Wiss.  1875.  Nr.  15. — Hammond,  Diseases  of  the  Nerv. 
System.  6.  edit.  1876.  p.  451. — F.  Schultze,  Zur  Lehre  von  d.  spin.  Kinder- 
lahm. u.  d.  analog.  Lahm.  Erwachsener.  Virch.  Arch.  Bd.  68.  1876. — Eisen- 
lohr,  Mittheilung  iib.  anatom.  Befunde  bei  spinaler  Kinderlahmung.  Tagebl. 
der  49.  Naturforschervers.  in  Hamburg.  Beibl.  S.  146.  1876. —  Cowiy,  Note  sur 
un  cas  de  myelite  aiguS  des  cornes  antSricures.  Gaz.  m6d.  de  Paris.  1876.  Nr. 
18  u.  23. — E.  C.  Seguin,  Myelitis  of  the  Anterior  Horns  or  Spinal  Paralysis  of 
the  Adult  and  Child.  New  York.  1877. 


Historical  Sketch. 

Jacob  von  Heine  is  doubtless  entitled  to  be  considered  as  the 
actual  founder  of  the  doctrine  of  acute  spinal  paralysis  in  chil- 
dren. In  1840  he  wrote  a  monograph  on  the  disease,  and  gave 
an  exhaustive  clinical  representation  of  the  same,  especially  with 
reference  to  the  atrophy  and  the  deformities  of  the  second 
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period.  It  is  true  tliat  some  individual  cases  had  been  described 
before  Ids  time  (by  Underwood,  1784;  Sliaw,  1832;  Badham, 
1835 ;  and  others),  but  the  knowledge  of  the  disease  had  re- 
mained very  limited,  and  its  separation  from  other  forms  of  paral- 
ysis during  the  age  of  childhood  was  not  yet  established. 

This  work  of  Heine's,  marking  an  epoch,  as  it  did,  was  fol- 
lowed by  numerous  discussions,  and  during  the  succeeding 
decades  a  succession  of  works  was  published  on  this  disease 
(Rilliet  and  Barthez,  Kennedy,  Vogt,  Bierbaum,  and  others), 
prominent  among  which  are  the  manifold  and  extensive  investi- 
gations of  Duchenne  (de  Boulogne).  They  furnished  an  exhaus- 
tive clinical  picture  of  the  disease. 

But  the  pathological  anatomy  of  the  affection  remained  ob- 
scure, and  the  strife  as  to  whether  this  disease  represented  an 
"essential"  or  a  spinal  or  peripheral  paralysis  was  carried  on 
more  by  theoretical  arguments  than  by  positive  observations. 

In  the  second  edition  of  his  work,  in  1860,  which  is  based 
upon  a  largely  increased  amount  of  material  for  observation, 
Heine  declared  very  positively  in  favor  of  the  spinal  seat  of  the 
disease,  which  has  ever  since  been  universally  designated  as 
"  spinal  infantile  paralysis."  He  thought  it  extremely  probable 
that  there  was  an  alteration  in  the  gray  matter.  Duchenne, 
though  partly  on  other  grounds  than  those  of  Heine,  had  like- 
wise declared  the  spinal  origin  of  the  disease  as  in  the  highest 
degree  probable.  But  at  that  time  this  view  was  not,  as  yet, 
supported  by  any  positive  evidence  from  the  cadaver. 

Indeed,  such  evidence  remained  lacking  for  some  time  yet, 
and,  as  we  know  now,  could  not  be  obtained  until  better  methods 
for  the  microscopic  examination  of  the  spinal  cord  had  secured 
general  acceptance. 

At  the  beginning  of  the  previous  decade  workers  in  this  dis- 
ease, therefore,  confined  themselves  almost  entirely  to  clinical 
observations.  The  number  of  cases  actually  belonging  to  this 
disease  was  more  accurately  defined  and  limited,  numerous 
details  were  more  closely  investigated,  etc. 

Cornil  (1863)  was  the  first  to  recognize  distinct  alterations  in 
the  spinal  cord  itself  in  this  disease ;  but  Prevost  and  Vulpian 
(1865)  were  the  first  to  make  the  positive  observation  that  the 
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anatomical  lesion  was  essentially  situated  in  the  gray  anterior 
horns.  This  was  confirmed  by  the  observation  of  Lockhart 
Clarke  in  1868.  A  very  carefully  investigated  case  of  Charcot 
and  Joffroy  (1870)  then  stands  at  the  beginning  of  a  series  of  ob- 
servations which,  in  all  cases  of  spinal  infantile  paralysis,  have, 
with  perfect  uniformity,  demonstrated  a  disease  of  the  spinal 
cord,  and  especially  of  the  anterior  gray  horns.  The  existence 
of  this  lesion  was  established  beyond  all  doubt  by  the  cases  of 
Parrot  and  Jolfroy,  Roger  and  Damaschino,  Roth,  Leyden,  F. 
Schultze,  Vulpian,  W.  Mueller,  Dejerine,  and  others,  and  of  late 
years  no  post-mortem  has  been  made  in  this  disease  without  the 
discovery  of  a  similar  lesion.  It  is  true  that  there  is  not  entire 
unity  amongst  observers  as  to  the  significance  or  the  origin  of 
the  process,  and  that  some  apparently  conflicting  conditions 
have  been  discovered,  but  the  fact  is  certainly  established  beyond 
all  controversy  that  in  this  disease  there  is  an  acute  lesion  of  the 
spinal  cord,  and  principally  of  the  anterior  horns  of  gray  matter. 

It  was  not  until  about  the  time  when  the  anatomical  basis  of 
the  disease  had  been  established  that  it  was  proved  not  to  be 
exclusively  an  affection  of  early  childhood,  but  one  which  might 
occur,  in  its  typical  form,  during  the  later  years  of  childhood  or 
during  adult  life.  This  fact  was  first  pointed  out  by  Mor.  Meyer, 
and  was  also  confirmed  by  Duchenne,  with  a  series  of  cases. 
Quite  recently  reports  have  accumulated  establishing  the  occur- 
rence of  acute  atrophic  spinal  paralysis  in  adults  (Hallopeau, 
Gombault,  Bernhardt,  Frey,  Charcot,  Seguin,  Erb,  Weiss,  F. 
Schultze,  and  others). 

It  is  true  that  some  cases  have  also  crept  into  these  reports 
with  reference  to  which  we  may  doubt  whether  they  actually 
were  Poliomyelitis  anterior  acuta.  The  line  of  distinction  be- 
tween this  form  of  disease  in  adults  and  other  forms  of  spinal 
disease,  especially  acute  ascending  paralysis,  acute  central  mye- 
litis, hsem atomy elitis,  etc.,  can  only  be  completed  by  further 
observations. 

Definition. 

This  disease  has  very  sharply  defined  clinical  characteristics, 
as  follows :  It  begins  suddenly,  usually  with  fever,  with  severe 
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cerebral  symptoms  (deafness,  coma,  delirium,  general  convul- 
sions) ;  there  is  very  rapidly  developed  and  complete  paralysis 
with  entire  relaxation  of  the  muscles,  this  paralysis  being  of  very 
variable  distribution  over  the  trunk  and  extremities,  but  gene- 
rally in  the  form  of  paraplegia  ;  there  is  an  absence  of  any  severe 
disturbances  of  sensation,  no  paralysis  of  the  sphincters  nor 
bed-sores. 

A  rapid  improvement  of  the  general  condition  soon  follows  ; 
the  paralysis  proves  not  to  be  of  a  progressive  character — indeed, 
gradual  improvement  of  the  same  begins,  although  the  restitu- 
tion of  movement  is  not  uniform  and  remains  in  part  lost  forever. 
In  some  of  the  muscles  there  is  extreme  and  rapidly  progressing 
atrophy  with  degeneration  of  tissue ;  the  development  of  the 
bones  is  retarded  ;  the  extremities  are  cold  and  cyanotic.  Dur- 
ing the  further  course  of  the  affection  considerable  deformities  of 
the  limbs  and  trunk  arise  (club-foot,  curvatures  of  the  spine, 
paralytic  contractures,  etc.).  The  general  condition  of  the  indi- 
vidual is  admirable,  in  spite  of  the  permanent  defects  in  the 
motor  apparatus  which  almost  invariably  remain. 

The  disease  may  occur  at  all  periods  of  life,  though  it  is  by 
far  the  most  frequent  in  children  between  the  ages  of  one  and 
four  years.  It  is  susceptible  of  an  unusually  large  number  of 
grades  of  severity. 

The  anatomical  lesion,  although  not  yet  quite  certainly  de- 
termined for  all  cases,  may  be  regarded  as  most  probably  consist- 
ing in  an  acute  myelitis  of  the  gray  anterior  columns  (anterior 
horns),  which  may  extend  more  or  less  over  the  greater  part  of 
their  entire  length,  but  is  disposed  to  be  most  heavily  localized 
in  the  cervical  and  lumbar  enlargements. 


Etiology  and  Pathogeny.^ 

There  is  undoubtedly  a  ^irWung  predisposition  to  this  disease 
in  the  age  of  childhood,  children  between  one  and  four  years  of 
age  being  by  far  the  most  frequently  attacked  by  it.  Duchenne, 
fils,  even  reports  one  case  in  a  child  twelve  days  old,  and  one  in 
a  child  a  month  old,  and  the  number  of  instances  of  the  disease 
increases  in  the  second  half  of  the  lirst  year  of  life. 
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Various  explanations  have  been  given  of  this  predisposition 
of  the  age  of  childhood.  Probably  the  least  satisfactory  doctrine 
is  to  the  elfect  that  the  physiological  condition  of  the  central 
nervous  system  in  such  young  children  of  itself  causes  greater 
irritability  and  liability  to  disease  of  the  same.  C.  Lange  be- 
lieves that  the  beginning  of  the  exercise  of  voluntary  move- 
ments at  this  age,  especially  those  of  walking,  not  unfrequently 
causes  overexertion  of  the  spinal  cord,  and  thus  induces  a 
susceptibility  to  disease  of  the  same.  Dentition,  however,  has 
been  more  frequently  invoked  than  anything  else  in  explana- 
tion of  this  fact,  and  Heine  in  particular  has  emphasized  the 
not  rare  occurrence  of  the  symptoms  of  difficult  dentition  in 
his  observations.  At  the  same  time,  it  is  doubtful  whether  the 
disturbances  which  are  so  often  associated  with  dentition  do 
exactly  determine  the  predisposition  to  disease  of  the  cord.  It 
is  quite  as  reasonable  to  suppose  that,  the  predisposition  being 
already  present,  dentition  merely  serves  as  the  exciting  cause, 
and  thus  calls  forth  the  disease.  At  all  events,  it  seems  that  if 
dentition  really  stood  in  a  causal  relation  to  the  spinal  paralysis 
of  children,  the  disease  would  necessarily  be  far  more  frequent 
than  it  is. 

Another  fact,  which  is  now  sufficiently  established,  viz.,  that 
of  the  occurrence  of  the  disease  at  later  periods  of  life,  also  goes 
to  disprove  the  intimate  connection  of  dentition  therewith.  In 
fact,  the  disease  has  been  observed  at  all  ages  up  to  the  sixties, 
although  with  much  less  frequency  than  during  childhood. 

Sex  seems  to  exert  no  influence  on  the  liability  to  the  disease  ; 
it  is  about  equally  divided  between  the  two  sexes. 

On  the  other  hand,  according  to  Wharton  Sinkler,  there  seems 
to  be  no  denying  the  influence  of  seasons  of  the  year.  Among 
fifty-seven  cases  collected  by  this  observer  not  less  than  forty- 
seven  occurred  between  May  and  September.  Sinkler  attributes 
this  increased  tendency  to  the  disease  during  the  summer  months 
to  the  warm  weather. 

In  the  majority  of  instances  there  is  no  evidence  whatever  of 
any  liereditary  infuence  or  neuropathic  tendency.  Duchenne 
even  states  that  he  never  saw  two  cases  in  tlie  same  family. 
But  Hammond  reports  its  occurrence  in  two  brothers,  and  Mor. 
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Meyer  saw  it  arise  simultaneously  in  twin  brothers  after  measles. 
Duclienne,  fils^  reports  a  case  in  a  cliild  whose  father  afterwards 
died  of  tabes,  but  considers  this  as  a  mere  coincidence.  I  have 
seen  a  similar  case. 

'  Neither  do  the  dyscrasias  often  present  in  childhood  (rachi- 
tis, scrofula,  syphilis)  appear  to  have  any  demonstrable  influ- 
ence in  the  production  of  this  malady.  Heine  expresses  himself 
very  positively  on  this  subject.  On  the  contrary,  it  is  just  the 
most  blooming,  robust,  and  strong  children  that  are  most  fre- 
quently attacked  by  the  disease. 

Our  knowledge  with  regard  to  the  exciting  causes  of  acute 
spinal  paralysis  is  just  as  scanty  as  that  concerning  the  predis- 
posing causes.  In  a  large  number  of  instances  not  the  slightest 
cause  can  be  assigned.  Children  are  often  attacked  with  the  dis- 
ease in  the  midst  of  the  most  blooming  health,  and  physician  and 
parents  strive  in  vain  to  discover  any  cause  therefor. 

In  a  minority  of  instances  the  fact  of  talcing  cold  has  evi- 
dently been  shown  to  be  the  cause.  This  has  been  repeatedly 
and  undoubtedly  demonstrated  in  childi'en  as  well  as  adults.  In 
Miles'  s  case  the  disease  appeared  immediately  after  a  cold  bath, 
which  the  patient  had  taken  while  sweating,  and  after  lively  sex- 
ual excitement. 

In  other  cases — and  they  are  tolerably  frequent — no  other 
cause  can  be  assigned  than  normal  or  difficult  dentition.  "The 
irritation  of  teething"  has,  from  all  time,  been  a  favorite  method 
of  explanation  for  every  conceivable  trouble  of  infancy,  espe- 
cially those  of  a  nervous  character.  At  the  same  time,  it  is  sup- 
posable  that  the  circulatory  and  nervous  disturbances  which  are 
undoubtedly  often  associated  with  dentition  might  develop  this 
disease  in  a  spinal  cord  predisposed  thereto. 

Traumatic  influences  of  various  kinds  have  repeatedly  been 
regarded  as  causes,  with  what  degree  of  justice  it  is  hard  posi- 
tively to  determine. 

It  is  undoubtedly  true,  however,  that  the  outbreak  of  the 
affection  is  not  rarely  connected  with  some  acute  disease.  The 
entire  symptomatic  picture  of  acute  spinal  paralysis  has  repeat- 
edly been  seen  to  arise  in  children  during  the  progress  or  soon 
after  the  subsidence  of  measles,  scarlatina,  varioloid,  typhus, 
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intermittent  fever,  etc.  And  the  same  tiling  has  repeatedly  been 
seen  to  occur  in  adults  after  the  same  diseases,  or  after  severe 
puerperal  disease.  Authorities  may  conflict  as  to  whether  these 
attacks  are  to  be  ranked  with  those  forms  of  poliomyelitis  ante- 
rior  acuta  which  arise  spontaneousl}'- ;  but  there  appears  unques- 
tionably to  be  the  same  localization  of  the  disease,  and  in  all 
probability  a  very  similar  anatomical  process,  in  these  well-de- 
fined "paralyses  after  acute  diseases."  We  must  trust  to  the 
future  to  settle  this  question. 

Pathological  Anatomy. 

In  spite  of  the  numerous  investigations  of  the  past  few  years, 
the  pathological  anatomy  of  acute  spinal  paralysis  can  only  be 
incompletely  given.  We  are,  no  doubt,  justifiable  in  laying 
down  as  a  strict  requirement  that  only  those  cases  shall  be  con- 
sidered as  affording  conclusive  anatomical  results  wliicli  have 
been  accurately  observed  during  life,  and  which  have  presented 
the  well-marked  clinical  character  istics  of  the  disease.  Many  of 
the  cases  thus  far  described  do  not  sufficiently  fulfil  this  require- 
ment. Manj'-  have  been  satisfied  with  the  proof  that  there  was 
paralj^sis  during  childhood  without  inquiring  into  the  precise 
history  of  the  beginning  of  the  malady.  Changes  in  muscles, 
bones,  and  nerves,  which  may  notoriously  be  the  results  of  very 
varied  processes  in  the  nervous  system,  have  been  accepted 
merely  as  the  sequels  of  the  "spinal  paralysis  of  childhood." 
In  this  way  probably  very  varied  anatomical  processes,  not  hav- 
ing the  same  significance,  have  been  cited  as  belonging  to  this 
disease.  When  we  see  what  diagnostic  daring  is  developed  in 
some  authors  by  the  desire  to  publish  new  observations  on  any 
rare  form  of  disease,  we  shall  be  the  more  disposed  to  adhere  to 
the  postulate  above  uttered. 

Secondly,  we  have  a  right  to  demand  that  only  the  most  re- 
cent cases  obtainable  should  be  examined,  with  a  view  to  deter- 
mining the  true  essence  of  the  pathological  process  present. 
Cases  which  are  examined  from  twenty  to  sixty  years  after  the 
fresh  attack  certainly  cannot  give  safe  and  positive  data  for  a 
judgment  with  regard  to  this  disease.    The  literature  of  the  sub- 
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ject  shows  that  this  requirement,  too,  has  hitherto  been  but  little 
complied  with.  The  earliest  anatomical  examination  which  has 
thus  far  been  reported  (Roger  and  Damaschino)  was  made  two 
months  after  the  beginning  of  the  disease. 

I  am  convinced  that  it  is  only  by  the  rigid  observance  of  the 
two  requirements  above  indicated,  and  by  the  careful  criticism  of 
observations,  that  we  shall  gradually  succeed  in  learning  the 
essential  anatomical  changes  in  this  disease,  and  be  enabled  to 
separate  them  from  those  that  are  non-essential  and  accidental. 
It  can  hardly  be  otherwise  than  that  a  disease  with  so  sharp  and 
well-characterized  a  clinical  picture  should  have  some  uniform 
anatomical  lesion  as  its  basis. 

From  the  anatomical  observations  at  present  before  us,  it 
would  at  least  appear  most  probable  that  this  essential  anatomi- 
cal change  consists  in  a  more  or  less  diffuse  acute  myelitis  of  the 
anterior  gray  substance,  whicTi  reaches  its  greatest  intensity  in 
the  lumbar  and  cervical  enlargements  of  the  cord  and,  as  a  rule, 
leaves  no  permanent  and  irremediable  alterations  excepting  at 
these  two  points.  In  many  instances,  a  moderate  extension  of  the 
process,  both  in  the  gray  substance  and  to  the  neighboring  white 
(antero-lateral)  columns,  can  be  demonstrated,  but  probably  this 
is  only  secondary  and  not  essential. 

The  conditions  which  have  been  discovered,  and  upon  which 
these  views  are  based,  must  be  divided  into  two  groups,  viz. : 
those  which  have  been  observed  soon  after  the  beginning  of  the 
illness  (2  to  20  months),  and  those  which  have  been  observed 
y^ry  long  after  (17  to  61  years).  Unfortunatel}^,  we  are  as  yet 
entirely  without  any  observations  on  the  earliest  stages  of  the 
disease  (the  first  few  days  and  weeks). 

Observations  made  at  an  early  period  of  the  disease  (Roger 
and  Damaschino,  Roth,  Leyden's  second  case,  Parrot  and  Jof- 
f  roy,  probably  also  the  case  very  brieflj'-  reported  by  Rinecker ' 
and  examined  by  von  Recklingliausen)  show  that  sometimes 
nothing  abnormal  about  the  spinal  cord  can  be  discovered  by  the 
nailed  eye ;  sometimes  the  substance  of  the  cord  seemed  tougher 
at  the  iieight  of  the  cervical  or  lumbar  enlargements,  and  there 
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was  a  sliglit  dwindling  of  the  cord,  especially  at  the  expense  of 
the  antero-lateral  columns.  On  making  a  transverse  section,  the 
markings  were  somewhat  indistinct,  the  anterior  gray  substance 
was  more  or  less  discolored,  whitish  or  reddish,  sometimes  soft 
and  diffluent ;  sometimes  a  diminution  can  be  shown  in  the  volume 
of  the  gray  anterior  horns.  The  anterior  roots — corresponding  to 
the  main  seat  of  the  disease — are  gray,  translucent,  and  atrophied. 
The  membranes  of  the  cord  usually  show  nothing  abnormal. 

Nothing  short  of  a  microscopical  examination,  however,  re- 
veals the  exact  seat,  variety,  and  extent  of  the  alterations.  The 
principal  trouble  is  found  in  the  gray  substance  of  the  anterior 
horns,  constituting  a  tolerably  diffuse  lesion  witli  regions  of 
greater  intensity  at  the  enlargements  of  the  cord,  particularly  at 
the  lumbar  enlargement.  Here  we  find,  usually  on  both  sides, 
though  sometimes  only  on  one  side,  an  area  of  softening  in  the  an- 
terior gray  horn  of  greater  or  less  longitudinal  extent  (10  to  30  mm. 
or  more,  of  an  inch  to  1^  inches),  which  is  sometimes  situated 
more  towards  the  centre,  sometimes  more  towards  the  front  of 
the  horn,  and  is  separated  from  the  surrounding  parts  by  a  more 
or  less  sharp  line  of  demarcation.  Similar  areas  are  often  also 
found  in  the  cervical  enlargement  of  the  cord,  more  rarely  at 
other  points,  in  the  dorsal  or  upper  cervical  portion.  These  areas 
of  softening  represent  inflammatory  softening ;  their  substance 
is  friable,  soft,  and  disseminated  with  numerous  granulation 
cells  ;  ^  closer  examination  demonstrates  an  increase  in  the  num- 
ber of  nuclei  and  in  the  amount  of  connective  tissue  and  more 
than  ordinary  fulness  of  the  blood-vessels.  The  most  striking 
discovery,  however,  is  the  more  or  less  entire  disappearance  of 
the  large,  multipolar  ganglion-cells ;  those  still  remaining  are 
found  partly  in  all  stages  of  degeneration  and  atrophy,  partly, 
however,  quite  well  preserved.  It  has  not  yet  been  possible  to 
demonstrate  any  regular  localization  of  these  changes  in  definite 
groups  of  ganglion-cells  within  the  anterior  horns.    The  nerve- 

'  In  Leyden's  case  there  were  no  granule-cells  (Kornchenzeller) ;  in  the  place  of 
them  there  were  numerous  large,  bladder-like,  nucleated  cells,  lilte  those  of  endothe- 
lium, in  the  gray  substance,  in  part  crowded  together  and  in  part  more  scattered, 
which,  perhaps,  had  the  same  significance,  in  the  morbid  process,  as  the  granule- 
cells. 
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fibres  and  axis-cylinders  within  tlie  area  of  softening  are  also 
found  to  have  entirely  disappeared.  In  the  immediate  vicinity 
of  the  softening  there  is  frequently  quite  a  striking  multiplication 
of  nuclei,  as  though  preparation  were  being  made  for  a  species 
of  encapsulating  process.  The  anterior  horn,  as 
a  whole,  appears  diminished  in  size  and  wasted. 

Tliese  areas,  or  foci,  sometimes  extend,  by 
means  of  little  prolongations,  backwards,  or 
towards  the  sides.  The  tissue  surrounding  them 
may  be  more  or  less  completely  or  approxi- 
mately normal,  with  well-preserved  ganglion- 
cells.  Generally,  however,  sligJder  and  more 
diffuse  changes  can  be  demonstrated  through- 
out a  greater  or  less  portion  of  the  gray  sub- 
stance, usually  throughout  the  entire  dorsal 
portion,  consisting  of  single  granule-cells  scat- 
tered through  the  tissue,  the  multiplication  of 
nuclei,  dilatation  of  blood-vessels,  the  disap- 
pearance of  individual  ganglion-cells.  The  ac- 
companying diagram  gives  a  clear  picture  of  the 
localization  and  extent  of  the  softening  in  the 
lumbar  enlargement  of  the  cord,  according  to 
Eoth. 

At  this  stage  there  is  generally  not  much  to 
be  seen  in  the  antero-lateral  columns  ;  still  they 
have  repeatedly  been  proved  to  be  diminished  in 
size  and  the  seat  of  a  slight  sclerosis.  At  other 
times  a  thickening  of  the  trabeculfB  has  been 
found,  atrophy  of  individual  nerve-fibres  (Jof- 
froy,  Damaschino),  solitary  granule  -  cells  or 
Ley  den's  cells  within  the  tissue  ;  at  all  events,  however,  no  very 
high  degree  of  alteration  takes  place. 

The  anterior  roots  are  diminished  in  size,  atrophied,  and 
under  the  microscope  show  the  signs  of  degenerative  atrophy. 

In  observations  made  at  a  late  period  the  picture  is,  of  course, 
radically  different.  We  have  such  observations  made  between 
seventeen  and  sixty-one  years  after  the  origin  of  the  disease  by 
Cornil,  Prevost,  Vulpian,  Lockhart  Clarke,  Cliarcot  and  Joffroy, 

VOL.  XIII.— 43 


Fio.  15. — Localization  of 
the  discasc(!  ari-a  in  the 
anterior  horns  of  the  lum- 
bar enlargement  of  the 
cord  in  a  child  two  yearn 
old,  eleven  months  after 
the  beginning  of  the  dis- 
ease. A  larger  area  of  soft- 
ening in  the  right,  a  small- 
er one  in  the  left  anterior 
column  ;  1.3,  23,  30,  3«,  and 
43  mm.  above  the  termi- 
nation of  the  cord.  After 
Both. 
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Petifcfils  and  Pierret,  Leyden,  cases  1  and  3,  Gombault,  Dejerine, 
F.  Scliultze,  and  others. 

Now  atrophy  and  shrivelling  of  certain  portions  of  the  spinal 
cord  are  much  more  evident,  eve7i  to  the  naked  epe,  the  wasting 
of  the  antero-lateral  columns  and  the  shrinking  of  the  anterior 
horns  being  especially  prominent.   These  are  irregularly  reduced 


Via.  — Spinal  cord  with  Poliomyelitis  anterior  ncntn,  forty-threo  years  after  the  beginning  of  the  dis- 
ease, a.  Section  throngh  the  lumbar  enlargement ;  both  anterior  horns  and  antero  lateral  columns  strongly 
fhrivelleil,  more  on  the  left  side  than  on  the  right.  No  ganglion-cells,  b.  Section  through  tlie  cervical  en- 
largement; the  left  anterior  horn  and  antero-lateral  column  very  strongly  shrivelled.  No  ganglion-cells. 
The  posterior  columns  and  posterior  horns  in  both  sections  are  normal.   After  Charcot  and  JoSroy. 

in  their  dimensions  in  various  directions,  narrowed,  and  shrivelled 
so  that  the  entire  form  of  a  transverse  section  of  the  cord,  as 
well  as  its  markings,  seems  to  be  changed ;  this  is  especially 
prominent  if  the  lesion  is  limited  to  one  side  (see  Fig.  16).  The 
antero-lateral  columns  often  appear  somewhat  gray  and  translu- 
cent ;  the  posterior  columns,  on  the  contrary,  are  quite  normal. 
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The  anterior  roots  are  to  a.  liigli  degree  atrophied,  and  the  seat 
of  gray  degeneration. 

On  making  a  fresh  transverse  section  of  the  cord  tliere  is  fre- 
quently not  much  to  be  seen  that  is  abnormal,  aside  from  the 
alterations  in  form  ;  after  hardening,  however,  the  principally 
degenerated  areas  generally  appear  with  greater  distinctness. 

On  microscopic  examination  the  circumscribed  foci  first 
strike  the  eye ;  these  will  be  found  within  the  anterior  horns  at 
the  lumbar  and  cervical  enlargements,  to  a  variable  number  and 
extent.  In  addition  to  this,  in  the  majority  of  cases,  there  is  also 
a  more  or  less  diffuse  change  in  the  gray  substance,  and  a  higher 
grade  of  alteration  in  the  white  columns. 

The  anterior  horns  are  highly  atrophic  and  shrunken  ;  within 
the  foci  which  they  contain  there  is  a  more  or  less  firm,  fine-fibred 
connective  tissue,  rich  in  nuclei,  this  wealth  of  nuclei  being  not 
rarely  most  striking  just  in  the  peripheral  border  zone  ;  thicken- 
ing and  enlargement,  and  probably  multiplication  of  the  blood- 
vessels, can  be  demonstrated  ;  granule-cells  are  generally  absent, 
but  immense  numbers  of  corpora  amylacea  are  to  be  found, 
as  well  as  pigment,  etc.  In  the  foci  the  ganglion-cells,  and 
all  nerve-fibres,  are  more  or  less  completely  destroyed.  The 
ganglion-cells  that  may  remain  are  in  all  stages  of  degenerative 
atrophy,  pigmentary  degeneration,  and  shrivelling.  Well-pre- 
served ganglion-cells  are  only  to  be  found  outside  of  the  foci. 
"Clarke's  columns"  have  generally  been  found  intact;  in  two 
cases,  however,  they  were  also  involved  and  their  cells  destroyed. 

In  the  remaining  divisions  of  the  gray  anterior  horns — in  the 
dorsal  region,  for  instance — the  ganglion-cells  are  less  numerous 
than  is  normal,  the  connective  tissue  increased,  there  is  a  great 
wealth  of  nuclei,  and  numerous  corpora  amylacea. 

In  the  antero-lateral  columns  a  greater  or  less  degree  of  scle- 
rosis may  be  discovered,  thickening  and  multiplication  of  the 
neuroglia,  with  or  without  pronounced  atrophy  of  the  nerve- 
fibres.  This  sclerosis  may  vary  greatly  in  extent  ;  sometimes  it 
is  confined  to  the  immediate  vicinity  of  the  anterior  horns  of  gray 
matter,  sometimes  it  is  distributed  more  diffusely  over  the  entire 
antero-lateral  columns,  especially  the  posterior  part  of  the  lateral 
columns.   It  generally  stands  in  most  intimate  relations  to  those 


676   ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

parts  of  the  anterior  horns  which  are  most  prominently  diseased. 
Tlie  anterior  bundles  of  roots  within  the  antero-lateral  columns, 
as  well  as  the  anterior  roots  themselves,  present  an  unequivocal 
picture  of  degenerative  atrophy. 

When  we  take  a  comprehensive  view  of  all  these  conditions, 
we  find,  after,  all,  that  there  is  more  unity  in  the  picture  than 
appeared  on  the  first  glance.  It  would  be  highly  desirable  to 
have  our  knowledge  completed  by  some  cases  from  the  first  few 
days  or  weeks  of  the  disease.  But  even  without  this,  so  much 
appears  certain,  that  we  have  to  deal  essentially  with  an  acute 
inflammatory  process  in  the  anterior  horns  of  gray  matter ;  we 
do  not  know  yet  whether  this  is  nothing  more  than  an  ordinary, 
acute  myelitis,  or  whether  it  is  distinguished  by  certain  specific 
peculiarities.  This  process  is  spread,  more  or  less  diffusely, 
over  the  greater  part  of  the  gray  anterior  horns,  but  attains  its 
greatest  intensity  in  certain  favorite  spots — the  lumbar  and  cer- 
vical enlargements — and  there  causes  distinct  areas  of  softening. 
In  these,  besides  the  inflammatory  changes  in  the  neuroglia,  the 
most  striking  and  constant  changes  consist  in  the  complete  de- 
struction and  disappearance  of  the  nerve-elements,  especially  of 
the  multipolar  ganglion-cells. 

This  process  soon  passes  over  into  a  clironic  stage ;  after  it 
has  entirely  receded  in  some  places,  it  gradually  leads,  in  the 
principal  seats  of  the  disease,  to  the  development  of  cicatricial 
connective  tissue,  without  any  restitution  of  the  nerve-elements. 
In  the  further  progress  of  the  disease,  probably  only  secondarily, 
as  a  rule,  the  antero-lateral  columns  are  affected,  and  show  a 
higher  or  lower  grade  of  sclerosis.  If  the  process  has  been  de- 
veloped during  the  age  of  childhood  these  columns  are  generally 
retarded  in  their  d'^velopment ;  they  appear  narrow  and  atro- 
phied, and,  together  with  the  shrinking  of  the  anterior  horns  by 
cicatricial  contraction  of  the  foci,  cause  more  or  less  serious 
changes  in  form  in  the  spinal  cord.  The  posterior  horns  and  pos- 
terior columns  almost  always  entirely  escape  the  disease. 

If  all  the  anatomical  conditions  hitherto  made  public  under  the  name  of  acute 
spinal  paralysis  do  not  entirely  agree  with  the  representations  here  given,  this  is 
doubtless  in  part  due  to  the  circumstance  mentioned  above,  that  quite  heterogene- 
ous diseases  have  sometimes  been  brought  into  the  list,  all  that  was  necessary  to 
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their  admission  being  to  prove  that  they  were  developed  in  childhood,  and  left 
behind  them  paralysis,  muscular  atrophy,  paralytic  contractures,  and  all  sorts  of 
deformities.  But  we  know  that  various  diseases  of  the  spinal  cord  (multiple  scle- 
rosis, haematomyelitis,  simple  myelitis,  etc.),  provided  they  affect  certain  divisions 
of  the  gray  substance,  will  produce  exactly  the  same  manifestations,  and  leave  be- 
hind the  same  results.  It  would  certainly  be  wrong  to  count  all  these  as  cases  of 
acute  spinal  paralysis,  for  they  are  other  forms  of  disease  which  happen  to  have  a 
certain  resemblance  to  it.  For  the  present,  therefore,  we  should  be  disposed  to 
regard  these  unusual  conditions  as  probably  not  belonging  to  this  disease  at  all. 

A  question  which  has  been  raised  by  authors,  and  discussed 
with  great  liveliness,  and  which,  it  appears  to  us,  cannot  be  de- 
termined with  the  material  now  on  hand,  is,  whether  the  affec- 
tion is  originally  a  parenchymatous  or  an  interstitial  myelitis. 
Charcot,  and  after  him  Joffroy,  Petitfils,  and  others  have  asserted 
that  the  primary  step  in  the  affection  was  tlie  lesion  of  the  large 
ganglion-cells,  that,  therefore,  the  disease  is  parenchymatous 
myelitis ;  while  Roger  and  Damascliino,  Roth,  and  others  believe, 
on  the  ground  of  their  examinations  in  fresher  cases,  that  inter- 
stitial myelitis  is  the  primary  affection,  and  that  the  atrophy 
and  disappearance  of  the  ganglion-cells  are  secondarily  caused 
thereby.  In  our  opinion,  no  conclusive  evidence  has  yet  been 
obtained  in  favor  of  either  view.  We  therefore  decline  to  enter 
into  any  elaborate  discussion  of  this  difficult  question,  the  more 
so  as  it  is  very  elaborately  treated  of  in  the  works  of  some  of  the 
authors  above  named,  and  as  it  does  not  yet  appear  to  us  to  be 
of  any  great  practical  value,  however  much  scientific  interest  it 
may  possess.  It  is  enough  for  our  purpose  to  know  that  almost 
all  authors  agree  on  the  fact  of  there  being  acute  myelitis,  and 
we  may  be  content  to  leave  it  to  the  future  to  decide  whether 
this  myelitis  is  parenchymatous  or  interstitial ;  perhaps,  as  Du- 
jardin-Beaumetz  suggests,  it  may  be  decided  that  the  connective 
tissue  and  nerve  tissue  are  simultaneously  attacked  by  the  irrita- 
tive process. 


In  those  sections  of  the  cord  which  are  especially  involved  in 
the  poliomyelitis,  tlie  anterior  roots  always  appear  very  thin, 
gray,  translucent,  and  atrophied.    The  microscope  shows  degen- 
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erative  atrophy  of  the  greater  part  of  the  nerve-fibres,  well- 
marked  proliferation  and  sometimes  fatty  infiltration  of  the  inter- 
stitial connective  tissue,  thickening  of  the  blood-vessels,  etc. 

Tllie  peripheral  nerves  have  not  yet  been  examined  with  the 
care  that  we  could  wish.  The  results  of  examination  by  electri- 
city show  with  tolerable  certainty  that  degenerative  atrophy 
must  exist  at  least  in  the  motor  filaments  of  many  of  these 
nerves.  In  a  somewhat  old  case,  F.  Schultze  found  undoubted 
and  considerable  increase  of  the  interstitial  conjiective  tissue 
with  moderately  numerous  atrophic  fibres.  Dejerine  also  found 
atrophy  of  the  nerve-fibres  with  increase  of  the  connective  tissue 
and  nuclei. 

The  muscles  of  the  paralyzed  limbs  always  show  the  highest 
degree  of  alteration.  Even  with  the  naked  eye  the  most  varied 
grades  and  steps  of  such  alteration  can  be  recognized  alongside 
of  one  another  in  one  and  the  same  patient. 

In  the  first  stages  of  the  disease  the  muscles  merely  appear 
lean,  atrophied,  pale,  and  soft  ;  later  they  become  more  grayish, 
or  of  a  pale  reddish  yellow,  being  streaked  partly  with  white 
connective  tissue  bands,  and  partly  with  intensely  yellow  bands 
of  fatty  tissue,  which  keep  increasing  more  and  more  in  number 
and  in  width.  In  the  later  stages  the  muscles  acquire  somewhat 
the  appearance  of  decayed  or  withered  leaves  (welkes  Laub),  and 
finally  they  are  entirely  replaced  by  fatty  tissue,  which  looks 
exactly  like  subcutaneous  fatty  tissue,  and  by  its  volume  often 
more  than  restores  the  form  and  mass  of  the  lost  muscle.  An- 
other portion  of  the  muscles  dwindles  into  pure,  connective-tis- 
sue fibrous  strands  containing  no  development  of  fatty  tissue. 

All  these  alterations  take  place  to  very  varied  degrees  of  ex- 
tent ;  they  may  be  seen  irregularly  intermingled  in  the  various 
muscles  of  an  extremity ;  not  infrequently  one  may  see  several 
stages  of  change  in  one  single  muscle.  The  older  the  process  is, 
the  more  will  connective  tissue  and  fatty  tissue  predominate, 
and  in  old  cases  some  groups  of  muscles  appear  merely  as  great 
masses  of  fat. 

The  microscopic  examination  of  these  changes  has  unfortu- 
nately not  been  carried  out  in  a  rigidly  systematic  manner.  But 
from  what  has  been  discovered  by  various  observers,  at  the  most 
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different  stages  of  the  disease,  thus  much  would  appear  to  be 
certain,  that  the  principal  conditions  found  are  those  of  the  -cari- 
ous stages  of  degenerative  atrophy  of  muscles,  as  we  have  more 
particularly  described  it  in  another  portion  of  this  work,'  that  in 
addition  to  this,  in  some  muscles,  simple  atrophic  conditions  and 
simple  lipomatous  conditions  are  found,  but  that  these  are  of 
quite  subordinate  significance. 

In  the  earlier  stages  of  the  disease,  in  the  first  months  and 
years,  we  find  at  first  a  high  degree  of  atrophy  and  wasting  of 
the  muscular  fibres  ;  in  many  of  these  the  nuclei  are  greatly  in- 
creased in  number,  the  transverse  striations  are  indistinct  if  not 
unrecognizable.  At  a  later  period  there  is  cloudiness  of  the 
muscular  fibi-es,  at  first  caused  by  soluble  molecules,  afterwards 
by  fat  molecules ;  finally,  the  muscular  fibres  disappear  alto- 
gether or  almost  so ;  individual  fibres,  however,  or  even  whole 
bundles  of  them,  may  remain  for  a  long  time  well  preserved  in 
the  midst  of  the  diseased  muscle. 

Even  in  the  very  first  stages  of  the  disease  a  simultaneous  pro- 
liferation of  the  interstitial  tissue  begins  ;  the  width  of  the  inter- 
stices is  increased,  they  appear  to  be  filled,  here  and  there,  with 
accumulations  of  nuclei,  the  walls  of  the  vessels  appear  thick- 
ened and  infiltrated  with  cells.  This  proliferation  of  connective 
tissue  increases  more  and  more  ;  in  all  the  later  stages  the  muscle 
has  scattered  throughout  it  an  abundance  of  firm-fibred  connec- 
tive tissue,  rich  in  nuclei,  so  that  some  have  spoken  of  it  as  a 
regular  sclerosis  of  the  muscle.  When  all  the  muscular  fibres 
have  finally  disappeared  from  such  a  muscle,  nothing  but  a  firm, 
fibrous  strand  of  connective  tissue  remains. 

Sooner  or  later,  however — and  in  youthful  subjects  this  seems 
to  occur  comparatively  soon — an  abundant  deposit  of  fat  takes 
place  in  this  interstitial  tissue  ;  whole  rows  of  fat  cells  appear 
between  the  atrophied  muscular  fibres,  which  are  in  part  found 
in  a  state  of  complete  fatty  degeneration  ;  these  rows  multiply 
increasingly,  overrun  the  entire  tissue,  and  finally,  after  the  de- 
struction of  the  muscular  fibres,  the  entire  muscle  is  replaced  by 
fatty  tissue.    This  may  go  so  far  that  the  original  volume  of  the 
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degenerated  muscle  may  be  considerably  exceeded  by  the  volume 
of  the  fatty  tissue  that  lias  taken  its  place.  Thus  a  species  of 
pseudo-hypertrophy  of  the  muscle  is  brought  about. 

To  my  mind  it  does  not  admit  of  the  slightest  doubt  that  the 
changes  briefly  described  above  represent  the  various  and  espe- 
cially the  latest  stages  of  degenerative  atroph}^,  as  it  is  known 
and  has  been  carefully  studied  especially  in  severe  traumatic 
paralyses. 

Even  the  tendons  not  rarely  appear  as  narrow  bands,  atro- 
phied, thin,  and  stretched. 

The  hones  are  always  retarded  in  growth,  both  as  to  length 
and  thickness,  when  the  disease  occurs  during  childhood ;  their 
epiphyses  are  stunted,  the  normal  protuberances  and  processes 
less  developed.  Their  external,  hard  lamella  is  thinned,  friable, 
flexible,  the  medullary  portion  comparatively  increased,  its  fatty 
contents  more  abundant  (osteoporosis). 

The  joints  are  also  strikingly  lax,  often  regular  dangling 
joints  (Schlottergelenke),  their  ligaments  thinned,  stretched,  and 
loose  ;  the  articular  extremities  are  stunted,  ground  olf,  eroded  ; 
the  articular  cartilages  are  atrophied.  The  most  manifold  de- 
formities are  produced  in  this  way,  especially  the  severest  forms 
and  grades  of  club-foot.  Extraordinary  degrees  of  curvature  of 
the  spine  are  also  not  rarely  produced  in  the  same  manner. 

The  external  sJcin  and  the  internal  organs  of  the  body,  in  the 
majority  of  instances,  are  quite  normal,  or  only  show  such 
changes  as  are  in  no  way  connected  with  the  disease  of  the 
spinal  cord,  and  only  belong  to  diseases  accidentally  acquired  by 
the  individual. 

The  brain  is  reported  as  entirely  normal  in  almost  all  reports 
of  post-mortems,  and  really  seems  to  have  nothing  directly  to  do 
with  this  disease.  Great  scientific  interest,  however,  is  attached 
to  an  observation  of  Sander's,  according  to  which  the  separation 
of  the  brain  from  a  great  part  of  the  muscular  apparatus  of  the 
body  appears  not  to  be  without  serious  reaction  upon  certain 
motor  divisions  of  the  brain.  In  one  case  of  "  spinal  paralj^sis 
of  childhood  "  (which,  it  is  true,  was  associated  with  "idiocy"), 
in  a  boy  fifteen  years  of  age,  Sander  found  the  two  central  con- 
volutions and  the  lohulus  paracentralis  (which  in  man  is  sup- 
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posed  to  be  the  seat  of  the  so-called  motor  centres)  materially 
stunted  in  their  development.  It  is  to  be  wished  that  there  were 
more  careful  and  more  frequent  examinations  of  this  relation. 


.  Hitherto  this  disease,  as  it  occurs  in  children  and  as  it  occurs 
in  adults,  has  almost  always  been  treated  of  separately.  This  is 
surely  not  right ;  it  is  evidently  precisely  the  same  disease  in 
both  cases.  To  be  sure  there  are  certain  variations  in  its  picture 
of  symptoms  caused  by  the  period  of  life,  by  the  subsequent 
growth,  by  the  different  excitability  of  the  organism  of  the  child 
and  the  adult.  For  this  reason  a  separate  consideration  of  the 
symptoms  at  least  would  seem  to  be  justified. 

We  will  first  delineate  in  detail  the  more  important  and  fre- 
quent picture  of  the  disease  as  it  occurs  in  children,  and  add  to 
this  a  short  account  of  the  same  in  adults. 


General  picture  of  the  disease. — The  onset  of  this  disease  is 
marked  by  more  or  less  severe  fever,  the  significance  of  wOiicli 
may  at  first  be  entirely  unrecognized.  This  sometimes  follows 
certain  premonitory  manifestations  (pain  in  the  back  and  limbs, 
psychical  changes,  a  tendency  to  be  frightened,  etc.),  or  may 
follow  more  or  less  difficult  dentition,  but  most  frequently  it 
arises  without  any  warning  and  while  the  child  is  in  the  midst 
of  apparently  perfect  health.  Very  soon  the  heat  and  restless- 
ness are  followed  by  more  serious  symptoms ;  evidences  of 
congestion  of  the  head  appear,  giddiness,  confusion  of  ideas, 
drowsiness,  which  may  afterwards  increase  to  somnolence  and 
coma.  Children  that  are  old  enough  to  tell  of  their  sensations, 
complain  of  severe  pain  in  the  hacJc  and  in  the  limbs.  Not 
seldom  general  convulsions,  of  greater  or  less  severity  and  extent, 
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then  arise,  eclamptic  seizures,  which  may  occur  once  or  repeat- 
edly, but  are  generally  of  but  short  duration. 

In  many  cases,  however,  such  stormy  manifestations  are  lack- 
ing, and  the  beginning  of  the  disease  is  introduced  merely  by 
slight  fever  and  a  transitory  ill  feeling.  Indeed,  it  is  not  rare 
for  no  initial  symptoms  to  be  noticed,  and  the  characteristic 
paralysis  may  appear  in  the  night,  or  during  the  day  too,  while 
the  child  is  apparently  perfectly  well. 

But  even  the  most  alarming  symptoms  generally  disappear 
again  in  a  very  short  time  (from  half  a  day  or  a  day  to  three 
days),  the  fever  subsides,  the  child's  general  health  seems  good, 
and  one  is  inclined  to  think  that  the  trouble  is  all  past. 

About  this  time  the  parents  generally  notice,  with  alarm,  that 
a  more  or  less  extensive  paralysis  has  imperceptibly  crept  on. 
This  is  made  manifest  when  the  child  is  taken  out  of  bed,  when 
it  is  bathed,  or  when  it  is  expected  to  walk.  Either  one  limb  or 
all  the  limbs  hang  down,  relaxed  and  powerless,  are  incapable  of 
motion. 

It  is  but  rarely  that  this  is  observed  during  the  febrile  and 
somnolent  stage,  and  still  more  rarely  that  it  has  been  possible 
accurately  to  follow  the  development  of  the  paralysis.  This 
seems  to  progress  pretty  rapidly  ;  one  leg  may  be  paralyzed  in 
the  course  of  half  an  hour  or  of  a  few  hours,  the  other  leg  fol- 
lows soon,  then  the  arms  ;  thus  the  paralysis  may  reach  its  full 
development  during  a  night,  or  in  from  one  to  two  days  ;  it  rarely 
requires  a  longer  time  (a  week). 

Sometimes  during  the  first  few  days  there  is  also  paralysis  of 
the  bladder,  usually  incontinence,  more  rarely  retention  of  urine; 
this  is  of  course  hard  to  prove,  with  certainty,  in  little  children. 
This  may  last  a  couple  of  days,  or  even  weeks,  but  then  always 
disappears. 

So  far  as  can  be  proved  in  children  the  sensibility  of  the  para- 
lyzed parts  is  completely  retained. 

The  further  course  of  the  affection  is  remarkably  uniform  in 
different  cases.  The  paralysis  attains  the  maximum  of  its  in- 
tensity and  extent  very  soon  after  the  beginning  of  the  disease. 
It  does  not  increase  any  more,  but  merely  decreases.  The  extent 
to  which  it  may  decrease  varies  very  much  in  different  instances. 
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In  the  rarest  cases,  improvement  begins  very  soon,  in  from 
one  to  three  weeks,  being  at  first  seen  in  single  little  movements, 
and  then  gradually  extending  further  ;  the  muscles  at  the  same 
time  remaining  relaxed  and  soft,  but  not  becoming  much  emaci- 
ated. Tills  improvement  advances  further  and  further  until 
complete  recovery,  which  may  be  attained  in  the  course  of  a  few 
months.  These  are  the  cases  of  so-called  temporary  spinal  paral- 
ysis. 

Generally,  however,  the  course  is  not  so  favorable.  It  is  true 
that  improvement  usually  begins  early,  but  it  only  advances  to 
a  certain  point ;  the  arms  may  become  entirely  free,  or  perhaps 
only  partly  so,  the  movements  of  the  shoulders  and  elbows  may 
return  while  the  hands  remain  partly  paral3'zed,  or  mce  mrsa. 
In  the  same  way  partial  recovery  occiirs  in  the  lower  extremities  ; 
one  limb  may  become  entirely  movable  while  the  other  remains 
completely  paralyzed,  or  the  thighs  may  return  to  their  normal 
condition  while  the  legs  remain  paralyzed  ;  indeed,  single  groups 
of  muscles  or  even  single  muscles  may  again  acquire  the  power 
of  motion  or  remain  completely  paralyzed,  in  the  most  multiform 
manner. 

In  the  great  majority  of  cases  the  larger  part  of  the  muscles 
thus  remains  paralyzed  for  a  very  long  time,  or  permanently. 
And  in  all  these  muscles  a  liigh  grade  of  rapidly  progressive 
atropliy  is  at  once  set  up,  and  examination  by  means  of  electricity 
gives  well-marked  evidences  of  degenerative  change. 

The  limbs  so  severely  paralyzed  now  present  a  very  charac- 
teristic condition.  There  is  complete  paralysis  and  entire  flac- 
cidity  of  the  muscles,  a  high  degree  of  atrophy  of  the  same  with 
great  softness  to  the  touch,  total  failure  of  all  reflex  action  in 
the  limbs  (both  of  the  skin  and  tendons) ;  the  sensibility  of  the 
skin  is  everywhere  normal,  the  patient  does  not  take  to  his  bed, 
the  skin  is  strikingly  cool,  bluish,  cyanotic,  and  not  seldom 
somewhat  bloated. 

Children  then  remain  for  a  long  time  in  this  condition,  which 
may  extend  more  or  less  widely  over  the  trunk  and  extremities, 
and  may  be  well  developed  within  a  few  weeks  after  the  begin- 
ning of  the  illness.  Their  general  condition  is  excellent,  the 
vegetative  functions  are  entirely  in  order,  the  brain  is  perfectly 


684    ERB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

normal,  their  intellectual  development  progresses  regularly,  the 
growth  of  their  teeth  shows  nothing  especially  abnormal,  the 
growth  and  development  of  the  non-paralyzed  parts  advances 
admirably,  and  these  children  generally  make  the  impression  of 
being  in  blooming  health. 

It  is  only  in  the  paralyzed  limbs  that  further  changes  gradu- 
ally take  place,  changes  which  are  peculiarly  characteristic  of 
the  affection,  and  even  in  later  life  betray,  to  the  practised  eye, 
at  the  first  glance,  the  disease  which  was  gone  through  with  in 
childhood.    These  changes  are  as  follows  : 

Progressive  emaciation  of  the  muscles,  up  to  the  point  of  the 
complete  disappearance  of  the  same,  and  a  skeleton-like  condi- 
tion of  the  limbs ;  not  rarely,  however,  there  is  an  exuberant 
production  of  fat  in  the  same,  whereby  the  atrophy  may,  to  a 
great  degree,  be  hidden. 

The  development  of  paralytic  contractions  in  the  most  various 
muscles  and  groups  of  muscles. 

Retardation  of  the  growth  of  the  bones  ;  shortening  and  stunt- 
ing of  the  limbs  ;  distortion,  laxness,  and  unusual  mobility  of  the 
joints,  displacement  of  articular  extremities  of  bones,  etc. 

As  the  result  of  all  these  changes  the  most  manifold  and 
extreme  deformities  of  the  limbs,  the  joints,  the  spinal  column, 
etc.,  are  produced.  Club-foot,  which  is  of  such  frequent  occur- 
rence, loose  dangling  joints,  and  extreme  degrees  of  spinal  curva- 
ture, usually  owe  their  origin  to  infantile  spinal  paralj'-sis.  The 
shrunken,  paralyzed,  crippled  members,  hideously  distorted,  in- 
capable of  any  use,  constituting  a  burdensome  appendage  to  the 
body  rather  than  a  necessary  portion  thereof,  appear  in  striking 
contrast  to  the  well-developed,  well-nourished  members. 

In  later  life  these  patients  drag  their  deformities  and  their 
weaknesses  around  with  them,  without  any  real  improvement 
ever  taking  place.  Not  infrequently,  however,  an  apparent  im- 
provement occurs,  because  the  patients  gradually  learn  most 
skilfully  to  use  the  healthy  muscles  and  limbs  in  supplying  the 
place  of  those  that  are  paralyzed,  and  are  enabled,  by  the  help 
of  the  former,  or  by  the  aid  of  artificial  supports,  orthopredic 
apparatus,  etc.,  to  move  about  with  tolerable  rapidity  and  safety, 
and  to  work. 
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This  of  course  varies  very  mucli,  in  individual  instances, 
according  to  tlie  extent  and  seat  of  the  lesion  ;  sometimes  but 
one  lower  extremity  is  paralyzed  and  sliortened,  sometimes  both ; 
or  the  arms  alone  may  be  affected,  sometimes  only  one  arm,  or 
sometimes  even  parts  of  one  extremity  alone.  The  most  wonder- 
ful curvatures  and  deformities  thus  occur  (they  are  very  graphi- 
cally depicted  in  the  plates  of  Heine's  book) ;  the  most  striking 
cripples  on  the  public  streets,  the  chronic  inmates  of  orthopaedic 
hospitals,  the  most  grateful  objects  for  the  ingenuity  and  art  of 
those  interested  in  mechanical  surgical  appliances,  are,  in  great 
part,  the  victims  of  the  spinal  paralysis  of  childhood. 

The  duration  of  life  does  not  seem  to  be  in  any  way  influenced 
by  the  disease  ;  its  victims,  aside  from  their  deformity  and  paral- 
ysis, remain  well  and  fresh,  and  may  reach  old  age.  They  fulfil 
their  calling,  so  far  as  they  are  capable  of  having  a  calling,  get 
married,  have  children,  and  comport  themselves  like  healthy 
men  and  women,  with  the  exception  of  the  defects  left  behind  by 
the  disease  of  their  childhood. 

There  does  not  even  seem  to  be  any  increased  disposition 
remaining  to  further  disease  of  the  spinal  cord.  I  have  thus  far 
met  with  but  two  cases  in  which  adults,  who  showed  signs  of  the 
acute  poliomyelitis  anterior  of  which  they  had  suffered  in  child- 
hood, were  attacked  with  spinal  disease  (in  one  case  with  tabes, 
in  the  other  with  sclerosis  lateralis  amyotrophica).  Raymond 
saw  progressive  muscular  atrophy  developed  at  a  later  period  in 
such  an  individual.  In  one  case  I  afterwards  observed  the  de- 
velopment of  epilepsy. 

Value  of  the  Individual  Symptoms. 

The  initial  fever  has  been  but  very  little  examined  and  in- 
vestigated as  yet.  It  may  be  very  insignificant  or  very  severe.  In 
some,  although  rare  instances,  it  appears  to  be  entirely  lacking  ; 
according  to  Duchenne,  Jr.,  this  is  claimed  to  have  been  true  in 
seven  cases  out  of  seventy  ;  the  correctness  of  this  statement  does 
not,  however,  seem  to  have  been  tested  by  the  thermometer.  It 
is  certainly  present  in  the  majority  of  instances,  although  of  very 
varying  intensity  and  duration.    It  usually  lasts  but  one  or  two 
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days,  sometimes  only  half  a  day  or  a  few  hours  ;  rarely  for  from 
six  to  eight  daj'^s,  or  even  fourteen.  It  is  not  yet  determined 
whether  the  fever  stands  in  any  definite  relation  to  the  intensity 
and  extent  of  the  disease  in  the  initial  stage ;  but  it  certainly 
appears  as  though  the  intensity  of  the  fever  bore  no  definite  re- 
lation to  the  extent  of  the  disturbances  that  are  left  behind. 

Probably  no  one  would  dissent  from  the  view  that  the  initial 
fever  is  simply  of  an  inflammatory  nature,  and  is  dependent  on 
the  acute  process  localized  in  a  large  part  of  the  spinal  cord. 

In  most  instances  the  initial  hrain  symptoms  are  very  promi- 
nent. They  also  appear  in  extremely  varied  degrees  of  intensity ; 
sometimes  the  outbreak  of  the  severer  manifestations  of  disease 
are  preceded  for  a  few  days  by  light  nervous  symptoms  ;  greater 
psychical  irritability,  unusual  liability  to  fright,  uneasy  sleep, 
gritting  the  teeth  during  sleep,  frequent  rolling  of  the  eyes,  par- 
oxysms of  terror,  and  the  like,  are  noticed  in  children,  "With 
the  beginning  of  fever,  confusion  of  ideas  with  slight  somnolency 
is  generally  soon  observed ;  all  sorts  of  delirium,  sometimes 
light  and  sometimes  active,  appear ;  occasionally  there  is  pro- 
found unconsciousness. 

But  the  most  striking  and  alarming  manifestations  are  the 
convulsions  which  occur  in  many  cases,  and  which  may  be  of  a 
light  or  a  severe  form.  If  light  they  may  be  confined  to  convul- 
sive twitchings  of  the  face  and  extremities,  to  grinding  the  teeth 
and  rolling  up  the  eyes  ;  if  severe  they  consist  in  an  outbreak  of 
general  convulsions,  which  remind  one  of  eclampsia,  but  which 
are  generally  repeated  but  a  few  times,  and  not  rarely  terminate 
with  the  first  attack.  This  symptom  also  is  liable  to  great  varia- 
tion ;  sometimes  the  attacks  only  last  one  or  two  hours,  at  others 
they  occur  frequently  during  one  or  two  days ;  the  individual 
attacks  are  sometimes  lighter,  sometimes  more  severe  ;  they  may 
be  accompanied  with  vomiting.  But  although  they  often  look 
very  threatening,  they  do  not  appear  to  cause  any  immediate 
danger  to  life.  It  remains  to  be  proved,  however,  whether  the 
convulsions,  which  carry  off  some  little  children  within  a  few 
days,  may  not  sometimes  belong  to  the  initial  stage  of  acute  spi- 
nal paralysis. 

Finally,  however,  there  are  also  numerous  instances  in  which 
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severe  initial  brain-symptoms  can  be  demonstrated,  in  wliich,  at 
all  events,  all  convulsive  manifestations  are  entirely  lacking. 

The  pathogenetic  explanation  of  these  initial  brain-symptoms 
has  not  yet  been  found.  It  may  appear  doubtful  whether  they 
are  to  be  regarded  as  mere  manifestations  of  fever ;  it  is  not 
proved  whether  the  sudden  irritation  of  a  large  part  of  the  spinal 
cord  makes  an  impression  on  the  brain  of  a  child  sufficiently 
powerful  to  induce  such  severe  disturbances.  Neither  has  theie 
as  yet  been  furnished  any  demonstration  of  a  simultaneous  lesion 
of  the  brain,  during  the  initial  stage  ;  this  would  have  to  be  of  a 
very  transitory  nature  ;  and  it  certainly  is  not  plausible  to  sup- 
pose, like  Frey,  that  this  lesion  consists  in  a  cerebral  hyperaemia 
which  is  induced  by  paralysis  of  the  spinal  vaso-motor  tracts 
for  the  cerebral  vessels,  and  which  disappears  again  with  the 
speedy  abatement  of  the  inflammatory  swelling  of  the  cord.  Per- 
haps a  number  of  these  causes  work  together  to  cause  the  re- 
markable occurrence  of  severe  initial  brain-symptoms  in  this 
spinal  disease. 

Unquestionabl}'',  however,  the  essential  symptom  of  the  dis- 
ease is  the  paralysis  with  subsequent  atrojpJiy  of  the  muscles. 
This  lends  to  the  picture  of  the  disease  its  main  peculiarity,  and 
is  almost  exclusively  responsible  for  the  severe  sequels  of  the 
affection. 

Tlie  development  of  the  paralysis  often  occurs  quite  unno- 
ticed. It  is  not  until  the  febrile  manifestations  have  subsided, 
when  the  child  wants  to  use  its  limbs,  when  it  is  to  walk  or 
stand,  when  it  is  bathed  or  dressed,  that  one  notices  the  paraly- 
sis which  has  in  the  meantime  crept  on,  and  even  then  it  is  not 
unfrequently  looked  upon  as  being  nothing  more  than  tlie  lassi- 
tude resulting  from  the  fever.  This  error  is  naturally  cleared  up 
by  the  further  course  of  the  affection.  Children  of  a  somewhat 
older  age  often  notice  the  paralysis  earlier  and  call  attention  to 
it  in  good  time. 

The  paralysis  is  almost  always  developed  with  great  rapidity, 
and  appears  well-nigh  simultaneously  in  all  the  parts  attacked. 
It  does  not,  however,  come  on  with  the  quickness  of  apoplectic 
paralysis,  but  several  hours  always  pass,  half  a  day  or  a  night, 
before  it  reaches  its  maximum.    In  some  few  cases  a  slower 
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spread  of  the  affection  is  observed,  so  that  it  may  not  reach  its 
acme  for  several  days.  Again,  it  has  been  seen  to  arise  in  sev- 
eral successive  onsets,  so  that  the  several  extremities  were  at- 
tacked at  intervals  of  eight  days ;  each  single  onset,  however, 
then  goes  on  with  a  certain  degree  of  rapidity. 

Whatever  the  precise  method  of  development  may  be,  this 
much  is  certain,  and  is  to  a  high  (fegree  characteristic  of  this 
very  disease,  that  the  'paralysis  readies  tJie  maximum  of  its  ex- 
tent and  intensity  at  tlie  mry  heginning  of  the  disease,  or  at 
least  within  a  short  time  thereafter ;  that  from  this  time  on  it 
advances  no  further,  but  merely  recedes.  The  paralysis,  there- 
fore, has  distinctly  no  progressive  character. 

The  paralyzed  muscles  now  appear  entirely  flaccid  and  soft, 
and  show  no  trace  of  contraction ;  the  limbs  are  capable  of  free 
passive  motions  in  all  directions ;  they  hang  on  the  body  like 
limp,  dead  masses.  The  turgescence  of  the  muscles  appears  at 
the  same  time  to  be  diminished,  likewise  the  turgescence  of  the 
skin.  Reflex  action  is  completely  extinguished  in  the  paralyzed 
muscles  ;  no  reflex  action  can  be  aroused  by  the  strongest  irrita- 
tion to  the  skin  or  tendons,  although  this  irritation  may  be  very 
distinctly  felt  by  the  little  patients. 

The  distribution  of  the  paralysis  is  extraordinarily  different 
in  different  cases.  The  lower  extremities  are  almost  always  at- 
tacked ;  sometimes,  however,  the  upper  extremities  are  seized  at 
the  same  time,  as  well  as  a  great  part  of  the  muscles  of  the  trunk, 
especially  those  of  the  spinal  column,  and  sometimes  also  of  the 
neck.  Not  rarely  but  one  lower  extremity  is  attacked,  and 
sometimes  the  paralysis  occurs  in  the  form  of  hemiplegia,  the 
arm  and  leg  of  the  same  side  being  affected.  This  form,  the 
existence  of  which  was  denied  by  Heine,  has  been  observed  by 
Duchenne,  is  declared  by  Volkmann  not  to  be  at  all  rare,  and 
was  found  by  Sinkler  eight  times  in  eighty-seven  cases.  Du- 
chenne saw  one  case  of  crossed  paralysis  in  the  arm  and  leg.  It 
is  rare  for  but  one  arm  to  be  totally  or  partially  paralyzed,  still 
more  rarely  does  the  paralysis  seem  to  be  confined  to  the  upper 
extremities  without  participation  of  the  lower.  It  is  very  com- 
mon, however,  to  meet  with  a  quite  partial  paralysis  of  single 
muscles  and  groups  of  muscles,  especially  on  the  lower  extremi- 
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ties,  and,  at  all  events,  in  the  majority  of  cases,  even  where  the 
paralysis  is  exceedingly  wide-spread,  there  is  a  very  non-uniform 
implication  of  the  various  groups  of  muscles  and  even  of  single 
muscles  in  a  given  nerve-domain.  Hence  arises  such  a  manifold 
variety  in  individual  cases  as  to  defy  all  description,  and  we 
must  therefore  refer  our  readers  for  details  to  the  reports  of 
cases  accumulated  in  literature.  We  merely  mention,  by  way 
of  example,  that  in  the  domain  of  the  peroneal  nerve  the  tibialis 
anticus  not  rarely  occupies  an  exceptional  position,  either  being 
paralj'zed  alone  or  alone  free  ;  that  in  the  domain  of  the  crural 
nerve  the  sartorius  or  the  tensor  vaginae  femoris  often  give  the 
same  history ;  that  in  the  domain  of  the  radial  nerve  the  same 
is  true  of  the  supinator  longus ;  that  the  deltoid  is  not  rarely 
attacked  by  paralysis  alone,  and  other  instances  of  the  same 
kind. 

Very  soon,  sometimes  within  a  few  days,  but  generally  not 
until  within  the  next  few  weeks,  a  gradual  improvement  of  the 
paralysis  sets  in,  affecting  a  greater  or  smaller  part  of  the  mus- 
cles involved,  while  the  rest  usually  remain  paralyzed  perma- 
nently or,  at  least,  for  a  long  time.  This  very  symptom  of  the 
partial  restitution  of  muscles  is  also  very  characteristic  of  the 
disease.  Very  rarely  this  restitution  is  complete,  extending  to 
all  the  paralyzed  muscles,  so  that  the  improvement  once  begun 
advances  to  complete  recovery  (so-called  temporary  spinal  paral- 
ysis). 

The  upper  part  of  the  body,  and  the  upper  extremities  gener- 
ally, improve  soon,  and  are  the  parts  most  likely  again  to  regain 
their  full  activity ;  a  part  of  the  muscles  of  the  trunk  also  almost 
always  takes  part  in  the  improvement,  while  others,  particularly 
the  muscles  of  the  back,  remain  permanently  paralyzed.  In  the 
same  way  a  partial  restitution  often  takes  places  in  the  lower 
extremities ;  one  limb  may  become  entirely  or  partially  capable 
of  performing  its  functions  again,  while  the  other  remains  para- 
lyzed ;  it  is  very  common  for  single  portions  of  an  extremity  to 
remain  permanently  paralyzed,  often  single  muscles  alone ;  this, 
too,  afterwards  gives  great  variety  to  the  picture  of  the  disease. 

As  a  general  rule,  the  progress  of  this  improvement  only  lasts 
for  a  time  ;  this  progress  is  most  manifest  during  the  first  four  to 
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eight  weeks,  and  then  often  inspires  delusive  hopes.  At  a  later 
period  the  progress  is  slower,  and  after  six  or  nine  months  from 
the  beginning  of  the  disease  there  is  no  question  of  any  further 
spontaneous  improvement ;  if  any  is  then  observed,  it  is  as  a 
rule  only  apparent,  caused  by  use  and  practice  of  the  restored 
or  unaffected  muscles.  Doubtless,  however,  during  the  later 
stages  of  the  disease,  too,  appropriate  (electrical)  treatment  may 
still  effect  improvement  in  some  muscles,  which  is  sometimes 
very  striking,  although  generally  but  slight. 

In  almost  all  muscles  whose  mobility  is  not  very  soon  restored, 
and  which  remain  more  or  less  permanently  paralyzed,  a  well- 
marked  and  rapidly  progressive  atrophy  very  soon  appears. 
This  begins  in  the  first  weeks  of  the  disease,  and  even  those  mus- 
cles that  are  but  slightly  affected  generally  give  unmistakable 
evidence  of  a  slight  degree  of  emaciation  ;  this  soon  disappears 
again,  however,  on  the  restoration  of  mobility.  In  the  muscles 
more  severely  affected  the  atrophy  is  generally  very  distinct  in 
the  course  of  a  few  weeks.  The  muscles  become  more  and  more 
flaccid  and  attenuated,  and  may  so  completely  disappear  that 
the  skin  seems  to  lie  immediately  upon  the  bone,  and  the  limbs 
assume  a  skeleton-like  appearance.  During  the  further  course  of 
the  affection  the  volume  of  many  of  these  muscles  is  again  in- 
creased, so  that  there  appears  to  be  a  muscular  mass  present 
again;  this  is  caused,  however,  by  the  secondary  deposition  of 
fat  in  the  connective  tissue,  and  it  is  generally  easy  to  prove,  by 
the  test  of  galvanism,  that  not  so  much  as  a  trace  of  muscular 
tissue  remains  in  these  pseudo-muscles.  In  some  cases  the 
atrophy  of  the  muscles  is  completely  masked  from  the  very 
beginning  through  the  more  abundant  development  of  fat  in  the 
subcutaneous  connective  tissue,  or  by  earl 3'^  deposits  of  fat  in  the 
muscles  themselves ;  this  is  especially  true  in  well-nourished, 
well-developed  children.  In  such  cases,  however,  advanced  atro- 
phy is  always  to  be  recognized  by  the  extreme  softness  and  flac- 
cidity  of  the  muscle  as  compared  with  one  that  is  healthy,  even 
if  the  tape-measure  indicates  no  material  difference  in  compari- 
son with  the  healthy  side. 

Another  sign  which  may  be  mentioned  as  being  often  ob- 
served in  adults,  although  more  rarely  established  in  children,  is 
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that  during  this  rapidly  advancing  process  of  atrophy  the  mus- 
cles are  quite  sensitive  on  pressure. 

The  alterations  in  the  electrical  irritability  of  the  motor 
nerves  and  of  the  muscles^  wliich  are  always  to  be  found  in  the 
spinal  paralysis  of  childhood,  stand  in  most  intimate  relations 
to  atrophy  of  the  muscles.  The  earlier  authors,  it  is  true,  only 
tested  the  relations  of  faradic  irritability,  and  Duchenne,  in  par- 
ticular, is  entitled  to  the  credit  of  having  carefully  investigated 
this  in  every  direction,  and  of  having  established  important  diag- 
nostic and  prognostic  rules.  Duchenne  found  that  in  muscles 
which  are  severely  affected,  faradic  irritdbility  begins  to  sink 
very  quickly  ;  that  it  is  materially  diminished  at  the  end  of  three 
to  five  days,  and  entirely  extinguished  by  the  seventh  day  or 
during  the  course  of  the  second  week.  All  the  paralyzed  mus- 
cles, however,  in  which  this  does  not  occur  during  the  course  of 
the  second  week,  in  which  faradic  irritability  is  only  more  or 
less  diminished,  but  not  completely  lost,  do  not  remain  perma- 
nently paralyzed,  but  regain  their  mobility,  and  do  so  the  more 
promptly  the  less  their  faradic  irritability  has  been  diminished. 
These  statements  have  been  confirmed  by  all  subsequent  ob- 
servers. 

But  our  knowledge  on  this  subject  did  not  widen  nor  gain  in 
precision  until  the  paralyzed  nerves  and  muscles  were  also  tested 
by  the  galvanic  current.  Then  it  became  at  once  manifest  that 
the  loss  of  faradic  irritability  found  by  Duchenne  was  nothing 
else  than  a  part  of  the  phenomena  of  degeneration.  Indeed,  as 
might  have  been  expected,  a  priori,  in  view  of  the  degenerative 
changes  in  the  nerves  and  muscles,  the  alteration  in  electrical 
irritability  which  seems  to  be  always  capable  of  demonstration, 
in  its  various  stages  in  the  spinal  paralysis  of  children,  consti- 
tutes the  reaction  of  degeneration.  So  far  as  I  know,  Salomon 
was  the  first  to  establish  the  characteristic  alterations  of  galvanic 
irritability  in  the  muscles  in  the  spinal  paralysis  of  children,  and 
since  that  this  alteration  has  often  enough  been  observed  again, 
though  it  has  also  often  enough  been  overlooked.  The  course  of 
the  alteration  is  about  the  same  as  that  in  severe  traumatic  paraly- 
sis. There  is  rapid  loss  of  faradic  irritability  in  nerves  and  mus- 
cles, either  permanently  or,  at  least,  for  a  long  time,  that  is,  until 
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mobility  returns ;  and  then  the  familiar  fact  is  often  observed 
that  faradic  irritability  returns  much  later  than  voluntary  motion. 
There  is  equally  rapid  loss  of  galvanic  irritability  in  the  nerves  ; 
in  the  muscles,  however,  during  the  first  weeks  and  months  of 
the  paralysis,  there  is  an  increase  of  galvanic  (and  mechanical) 
irritability  with  the  characteristic  qualitative  changes  (AnSZ  = 
or>  KaSZ  ;  contraction  slow,  tonic,  prolonged). 

In  the  course  of  two  or  three  months  the  galvanic  irritability 
sinks  again,  often  far  below  the  normal  standard,  but  retains  the 
characteristic  qualitative  alterations,  and  these  constitute  the 
main  point  in  the  examination.  In  the  course  of  one  or  two 
years  and  more  after  the  beginning  of  the  disease  there  is  gener- 
ally nothing  but  a  trace  of  galvanic  irritability  in  the  muscles  ; 
but  not  unfrequently  the  characteristic  sluggish  jerking  can  still 
be  shown  here  too,  and,  indeed,  it  is  often  possible  to  prove,  by 
means  of  the  galvanic .  current,  that  muscular  substance  is  still 
present  where  this  was  thought  to  have  entirely  disappeared.  In 
still  older  cases  there  is  generally  nothing  definite  to  be  estab- 
lished. In  those  muscles  that  do  not  atrophy,  a  greater  or  less 
simple  diminution  in  the  faradic  and  galvanic  irritability  is  gener- 
ally found  ;  the  same  thing  is  true  in  all  those  muscles  and  nerves 
which  have  regained  their  mobility  up  to  a  certain  point ;  in 
these  the  reaction  of  degeneration  can,  of  course,  no  longer  be 
demonstrated. 

It  is  desirable  that  these  relations  should  be  more  systematically  tested  than  has 
yet  been  done.  To  be  sure  the  material  is  not  easily  obtained,  and  is  only  to  be  had 
by  a  fortunate  chance,  and  the  examination  of  the  unruly  and  screaming  little 
patients  is  attended  with  great  difRculties.  It  is  also  often  out  of  the  question 
exactly  to  localize  the  current  in  single  muscles,  for  the  abundant  layer  of  fat,  in 
children,  the  well-preserved  sensibility,  the  resistance  of  the  patient,  etc.,  make  it 
much  more  difficult  to  determine  the  contractions.  The  cases  which  occur  in  adults 
are  too  rare  to  furnish  sufficient  material  for  observation,  which  can  best  be  obtained 
in  large  children's  hospitals.  I  regard  the  reaction  of  degeneration  as  quite  a  constant 
manifestation  in  the  spinal  paralysis  of  children,  one  which  can  generally  be  dis- 
tinctly shown  only  in  the  first  years  of  the  disease,  often  not  being  recognizable 
with  certainty  at  a  later  period.  I  have,  at  least,  never  yet,  amongst  a  large  num- 
ber of  cases,  failed  to  find  the  reaction  of  degeneration  on  careful  search.  Tlie 
above  statement  is  based  upon  the  examination  of  cases  after  the  lapse  of  four, 
eight,  and  fourteen  weeks,  after  six,  twelve,  twenty-two,  and  twenty-four  months, 
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and  from  that  up  to  several,  or  even  many  years.  Furthermore,  it  also  entirely 
corresponds  with  the  known  results  of  electrical  examination  in  the  same  affection 
in  adults. 

The  changes  in  the  hones  and  joints  which  arise  in  the  course 
of  the  disease  are  almost  equally  important  with  the  changes  just 
described  in  the  muscles.  The  bones  of  the  paralyzed  limbs  are 
materially  retarded  in  their  longitudinal  grcfwth,  so  that,  in  the 
legs  for  instance,  differences  of  from  3  to  20  cm.  (1.1  to  7.8  inches) 
may  occur,  as  compared  with  the  healthy  side.  The  same  thing 
is  true  in  the  upper  extremities.  The  long  bones,  furthermore, 
remain  much  thinner  than  normal ;  they  not  rarely  become  po- 
rous and  inclined  to  bend,  yielding,  and  friable.  Their  epiphy- 
ses and  processes  grow  smaller  and  less  distinct ;  the  shoul- 
der-blade and  the  patella  often  remain  far  below  their  natural 
size,  the  paralyzed  hand  or  foot  is  shorter,  narrower,  and  thinner 
than  the  sound  one ;  even  the  pelvis  may  remain  considerably 
behind-hand  in  its  development,  being  below  the  normal  measure- 
ments of  circumference  and  height. 

It  is  a  remarkable  fact  that  the  interference  with  the  growth 
of  the  bones  is  by  no  means  always  in  direct  proportion  to  the 
atrophy  of  the  muscles  of  the  same  extremity ;  sometimes  the 
one  and  sometimes  the  other  is  in  the  ascendancy,  and  the  inter- 
ference with  the  growth  of  bone  may  persist  in  spite  of  the  dis- 
appearance of  the  paralysis  (Volkmann).  I  have  myself  had 
occasion  to  observe  this  fact. 

Volkmann  also,  not  without  reason,  counts  a  case  of  "  unilateral  paralysis  of  the 
face,"  observed  by  him,  as  belonging  to  the  spinal  paralysis  of  childhood.  Other 
cases  should  be  tested  with  reference  to  similar  connection. 

The  joints  become  deformed,  abnormally  movable,  partly 
through  disappearance  of  the  articular  extremities  of  bone  and 
of  cartilages,  partly  through  relaxation  and  stretching  of  their 
ligamentous  apparatus.  The  movableness  of  the  limbs  is  thus 
often  rendered  very  great,  so  that  patients  can  frequently  execute 
all  kinds  of  unusual  movements  and  wonderful  dislocations  of 
the  limbs. 

The  changes  in  the  s7cin  must  also  be  noticed.    The  skin 
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becomes  flaccid,  withered,  doughy,  sometimes  dry,  scaly,  brittle. 
The  most  striking  characteristic,  however,  is  the  coldness  and 
cyanosis  whicli  is  uniformly  observed  in  the  paralyzed  limbs. 
Heine  carefully  measured  the  lowering  of  temperature  in  many 
cases,  and  was  able  to  prove  very  marked  differences  as  com- 
pared with  the  healthy  extremity.  There  can  hardly  be  a  doubt 
that  this  lowering  of  temperature  and  cyanosis  are  due  less  to 
diminished  nutrition  in  the  paralyzed  limbs  than  to  vaso-motor 
paralysis,  and  it  would  be  interesting  to  note  whether,  in  the  flrst 
stages  of  the  disease,  there  is  not  a  temporary  elevation  of  tem- 
perature, I  demonstrated  this  to  be  the  case  in  one  adult  pa- 
tient. 

By  means  of  the  conditions  above  described — the  paralj'-sis 
and  atrophy  of  muscles,  the  interference  with  the  growth  of 
bones,  the  changes  in  joints — all  severer  cases  lead  to  paralytic 
contractures  and  secondary  deformities,  which  may  cause  the 
most  revolting  distortions  of  the  limbs,  of  the  spinal  column, 
etc.,  and  are  most  graphically  set  forth  by  Heine  in  numerous 
illustrations.  The  atrophy  and  secondary  contraction  of  the 
muscles,  the  laxness  and  malformation  of  the  joints,  the  curva- 
tures of  the  spine,  all  combine  to  produce  the  most  deplorable 
and  extraordinary  cripples,  such  as,  in  countless  numbers,  excite 
the  sympathy  of  the  passers-by  upon  the  highways  and  in  the 
market-places. 

What  are  called  paralytic  contractures  are  especially  effect- 
ive in  the  development  of  these  deformities.  According  to 
Heine,  these  do  not  begin  to  develop  until  the  children  com- 
mence to  use  their  limbs  and  drag  themselves  about  with  them, 
whether  well  or  ill.  This  statement,  however,  may  not  be  so 
rigidly  correct. 

The  most  varied  forms  of  club-foot  occur  (talipes  varus,  val- 
gus, equinus,  and  calcaneus),  and  various  combinations  of  the 
same  (most  frequently  of  the  equinus  and  varus).  Retrocurva- 
ture  of  the  knee,  inversion  and  eversion  of  the  same,  are  also  met 
with,  as  well  as  contractures  in  the  knee-  and  hip- joints,  kypho- 
sis, lordosis,  and  extreme  instances  of  scoliosis.  In  the  upper 
extremities  the  deformities  are  liable  to  be  much  less  serious ; 
the  hands  and  fingers  are  generally  found  flexed,  the  shoulder- 
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joint  gradually  becomes  immovable,  the  pectoralis  and  tlie  latis- 
simus  dorsi  are  more  or  less  contracted. 

The  occurrence  of  contractures  is  chiefly  the  result  of  a  high 
degree  of  paralysis  and  degenerative  atrophy  of  the  muscles. 
Considered  in  detail,  the  more  precise  method  of  development 
may  be  threefold. 

1.  By  far  the  most  frequent  cause  of  paralytic  contracture,  in 
these  cases,  is  the  continued  approximaiion  of  the  points  of  at- 
tachment of  the  muscles,  induced  partly  by  the  weight  of  the 
parts,  partly  by  external  pressure  in  walking,  standing,  sliding, 
etc.  This  point  has  been  thoroughly  discussed  by  Volkmann,  on 
the  basis  of  Hueter's  investigations,  and  the  former  seeks  to  ex- 
plain almost  all  paralytic  contractures  on  mechanical  grounds. 
According  to  him  the  deformities  are  developed  partly  by  reason 
of  the  weight  of  the  limbs  concerned  and  the  position  which  they 
assume  when  at  rest,  partly  through  the  fact  that  limbs,  articu- 
lar extremities,  and  articular  surfaces  are  subjected  to  an  abnor- 
mal burden,  when  called  into  use,  and  are  thus  gradually  pressed 
into  abnormal  positions.  In  both  instances  the  points  of  attach- 
ment of  certain  muscles  would  be  more  or  less  permanently  ap- 
proximated to  each  other,  and  thus  a  gradually  increasing  nutri- 
tive shortening  of  the  same  occurs,  a  permanent  contracture  and 
deformity. 

This  must  certainly  be  the  explanation  of  all  those  contrac- 
tures and  deformities  which  arise  when  all  the  muscles  surround- 
ing a  joint  are  completely  paralyzed,  or  when  the  deformity  and 
contracture  take  place  in  the  line  of  traction  of  those  very  mus- 
cles which  are  especially  paralyzed.  Talipes  equino-varus  is  the 
form  most  easily  explained ;  the  foot,  being  left  to  its  own 
weight,  assumes  this  position,  which  becomes  more  and  more 
fixed  the  longer  the  patient  remains  in  bed,  or  the  longer  step- 
ping upon  the  foot,  which  would  counteract  this  deformity,  is 
avoided,  or  the  patient  merely  steps  upon  his  toes. 

Paralytic  talipes  valgus  occurs  when  the  patient  begins  to 
walk  again  very  soon  after  his  attack,  and  steps  on  the  foot 
while  there  is  more  or  less  complete  paralysis  of  the  mus- 
cles of  the  leg  ;  he  then  steps  on  his  entire  sole,  and  the  foot, 
which  is  loose  in  its  joints,  gives  way,  toward  the  outer  side 
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(knickt  soweifc  nach  aussen  um),  until  prevented,  by  physiologi- 
cal restraints,  from  bending  any  further.  Even  talipes  cal- 
caneus is  said  to  be  due  principally  to  mechanical  causes, 
inasmuch  as  when  the  muscles  of  the  calf  are  entirely  para- 
lyzed, the  individual  steps  upon  the  os  calcis,  and  this  is  then 
gradually  and  mechanicall}'-  pushed  forward ;  by  this  means 
the  distance  between  the  points  of  attachment  of  the  muscles  of 
the  sole  is  also  diminished,  and  for  this  reason  the  plantar  curva- 
ture of  the  sole  reaches  a  peculiarly  high  degree  of  development 
in  this  variety  of  club-foot.  It  appears  to  us,  however,  that  here 
the  co-operation  of  the  antagonistic  muscles  of  the  front  of  the 
leg,  which  are  less  paralyzed,  is  of  material  significance.  E,etro- 
curvature  of  the  knee  is  brought  about  by  the  fact  that  the  joint, 
deprived  of  its  power  of  fixation  by  the  muscles,  is  extended 
backwards  as  far  as  its  physiological  restraints  will  admit,  in 
order  to  transform  the  leg  into  a  firm  support  for  the  body.  In 
the  upper  extremities,  too,  the  majority  of  contractures  and  de- 
formities are  developed  in  the  same  simply  mechanical  manner. 

2.  But  contractures  may  also  furthermore  be  brought  about 
by  the  fact  that  the  antagonists  of  the  paralyzed  muscles  remain 
effective.  In  every  voluntary  action  of  the  same  their  points  of 
attachment  are  approximated  to  each  other,  and  there  is  no  mus- 
cular power  present  to  draw  them  apart  again  ;  in  many  cases, 
indeed,  this  is  accomplished  through  the  weight  of  the  parts  or 
other  mechanical  means  ;  but  where  this  is  not  the  case  these 
muscles  fall  into  permanent  nutritive  shortening,  and  thus  in- 
crease the  deformity.  A  certain  degree  of  participation  in  the 
production  of  paral3'^tic  contractures  and  deformities,  even  though 
it  be  but  subordinate,  must  certainly  be  attributed  to  this  active 
mobility  of  antagonistic  muscles  ;  thus  in  talipes  calcaneus,  thus 
in  contractile  bending  of  the  knee-joint  with  complete  paralysis 
of  the  quadriceps  extensor  muscle. 

3.  Finally,  a  certain  part  in  the  production  and  fixation  of 
paralytic  contractures  may  be  attributed  to  the  proliferation  of 
interstitial  connective  tissue  and  its  subsequent  retraction,  which 
takes  place  with  the  degenerative  atrophy  of  the  muscles.  Tliis, 
however,  would  seem  to  be  of  subordinate  significance. 

Mechanical  causes  certainly  play  the  principal  role,  in  this 
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matter,  and  the  manifold  and  adventurous  methods  of  locomo- 
tion to  which  many  of  these  patients  accustom  themselves,  as  well 
as  the  extremely  varied  localization  and  extent  of  the  paralysis, 
account  for  the  fact  that  the  most  wonderful  and  striking  mal- 
formations and  crippled  conditions  occur  in  these  very  patients. 

So  far  as  concerns  the  patJwgenetic  explanation  of  the  prin- 
cipal symptoms  of  the  disease,  as  described  thus  far,  these  may 
doubtless  all  be  explained  in  one  way.  The  acute,  infl animator}^, 
and  destructive  lesion  of  the  gray  anterior  horns  is  undoubtedly 
to  be  held  accountable  for  all  these  disturbances.  And  indeed 
the  lesion  of  the  large  ganglion-cells — and,  we  may  add,  the  de- 
struction of  all  nervous  channels  of  communication — seems  to  be 
of  very  special  importance  in  this  respect.  It  is  difficult  to  make 
any  more  definite  statement  on  this  subject ;  still  the  application 
of  what  we  now  know  about  it  seems  pretty  easily  made ;  inasmuch 
as  the  spinal  paralysis  of  children  is  one  of  the  very  conditions, 
among  others,  which  has  contributed  to  clear  up  our  knowledge 
of  the  physiological  functions  of  the  gray  anterior  horns. 

According  to  all  we  know,  the  gray  anterior  horns  are  points 
of  passage  for  direct  motor  conduction  from  the  lateral  columns 
to  the  anterior  roots.  Whether  this  conduction,  in  all  cases, 
passes  through  large  ganglion-cells,  and  whether  these,  there- 
fore, constitute  a  species  of  ganglionic  centres  (Knotenpunkte), 
is  not  yet  certainly  determined,  but  seems  very  probable.  It 
seems,  furthermore,  tolerably  certain  that  the  large  ganglion-cells 
exercise  distinct  trophic  functions  with  reference  to  the  nerves 
and  muscles  (and  probabl}^  also  to  the  bones,  joints,  etc.).  It  is 
still  undecided  whether  all  these  ganglion-cells  have  at  the  same 
time  motor  and  trophic  functions,  or  whether,  as  Duclienne  and 
Joffroy  conjecture,  and  as  Hammond  also  believes,  there  are  two 
kinds,  purely  motor  and  purely  trophic ;  nor  is  this  point  capa- 
ble of  easy  demonstration.  At  the  same  time  the  latter  suppo- 
sition is  not  exactly  improbable,  and  is  certainly  more  convenient 
as  applied  to  the  theory  of  this  and  kindred  diseases. 

The  more  or  less  complete  destruction  of  the  anterior  gray 
horns,  arising  acutely,  explains  all  the  manifestations  encoun- 
tered in  quite  a  plausible  manner :  the  paralysis  by  the  destruc- 
tion of  motor  tracts,  the  atrophy  of  muscles  and  the  hindrance 
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of  the  growth  of  bones,  with  their  results,  by  the  destruction  of 
the  trophic  apparatus.  The  fact  of  the  disease  occurring  in  cer- 
tain circumscribed  areas,  and  the  immunity  of  certain  groups  of 
ganglia,  explains  the  localization  and  extent  of  the  paralysis,  and 
the  immunity  of  certain  single  muscles  and  groups  of  muscles. 
The  acute  inflammatory  nature  of  the  process  accounts  for  the 
sudden  appearance  of  the  paralysis ;  the  wide  extension  of  the 
process  over  the  spinal  cord  accounts  for  the  initial  fever  and  the 
wide  extent  of  the  paralysis  at  the  beginning.  The  possibility 
of  the  partial  resolution  of  the  acute  inflammation  explains  the 
rapid  disappearance  of  the  first  stormy  manifestations,  and  the 
later  partial  restitution  of  the  muscles. 

Upon  the  supposition,  therefore,  that  our  views  concerning 
the  functions  of  the  anterior  gray  horns  are  correct,  the  clinical 
manifestations  of  the  spinal  paralysis  of  childhood  are  in  suffi- 
ciently satisfactory  correspondence  with  the  anatomical  lesion. 

The  remaining  functions  of  the  spinal  cord,  with  few  excep- 
tions, suffer  no  disturbances  whatever,  or  but  very  slight  ones. 

The  sensiMUty  of  the  sMn  is  almost  always  intact.  At  the 
beginning  of  the  affection  there  may  be  complaints  of  pain,  par- 
sesthesia,  and  the  like,  here  or  there,  but  they  are  quite  transi- 
tory manifestations  which  may  easily  be  explained  by  the  inflam- 
matory swelling  and  hyper^emia  in  the  initial  stage.  At  a  later 
period  sensibility  is  generally  intact  everywhere.  Only  occasion- 
ally is  there  a  slight,  generally  very  insignificant  duluess  of  sen- 
sibilit}'-  complained  of,  especially  a  slight  diminution  of  sensibil- 
ity to  pain  and  lessened  intensity  of  the  •  sensation  of  tickling. 
This  may  be  explained  partly  by  an  unusual  extension  of  the 
diseased  process  to  the  central  and  posterior  gray  substance, 
partly,  however,  also  by  the  great  coldness  and  poor  nutrition 
of  the  extremities. 

Reflex  actimty,  on  the  other  hand,  always  suffers  very  severe 
disturbances.  It  is  a  matter  of  course — on  account  of  the  degen- 
erative atrophy  of  the  muscles  and  nerves,  if  for  no  other  rea- 
son— that  in  all  muscles  which  are  severely  attacked  reflex  action 
is  completely  extinguished ;  in  these  muscles  no  sign  of  reflex 
twitching  can  be  aroused,  either  through  the  skin  or  through 
the  tendons.    But  even  in  those  muscles  which  are  but  slightly 
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attacked,  reflex  activity  is  liable  to  be,  at  least  temporarily,  very 
much  lowered  or  entirely  extinguished.  As  the  reliex  circuits 
are  generally  considered  as  being  located  in  the  anterior  gray 
substance,  and  reflex  activity  is  thought  to  be  connected  with 
the  large  ganglion-cells,  this  condition  of  things  is  readily  to  be 
understood. 

Disturbances  of  the  function  of  tlie  Madder  are  not  exactly 
i-are  during  the  first  days ;  there  may  be  complete  paralysis  of 
the  bladder,  with  retention  of  urine,  but  more  frequently  there 
are  involuntary  evacuations  through  incontinence  of  the  bladder 
(and  the  same  thing  also  holds  true  with  regard  to  evacuation  of 
the  bowels).  But  these  manifestations  always  disappear  com- 
pletely again  within  three  to  eight  days.  Not  seldom,  however, 
especially  in  little  children,  a  slight  weakness  of  the  bladder, 
with  occasional  incontinence,  remains  for  a  time.  But  this  dis- 
turbance, too,  is  likely  to  disappear  within  a  couple  of  weeks  or 
months,  leaving  no  trace  behind,  and  in  the  later  stages  of  the 
disease  bladder  disturbances  certainly  belong  to  the  rarest  ex- 
ceptions. 

The  occurrence  of  bladder  troubles  is  sufficiently  accounted 
for  by  the  occasional  somewhat  greater  extension  of  the  anatom- 
ical lesion  within  the  gray  substance. 

The  sexual  functions  probably  never  suffer  any  disturbance, 
or  at  least  onl}'^  quite  exceptionally  and  rather  indirectly  (through 
muscular  paralysis,  deformities,  etc.).  They  generally  remain 
quite  intact,  both  in  men  and  women. 

The  same  thing  is  true  with  regard  to  the  functions  of  the 
special  senses,  t\\Q  psycliical  and  other  cerebral  functions. 

The  vegetative  functions  are  also  usually  carried  on  quite 
undisturbed.  The  appetite  and  digestion  are  good,  bowels  some- 
times rather  sluggish.  The  general  nutrition  of  the  body  is  usu- 
ally admirable,  if  some  other  circumstance  does  not  incidentally 
disturb  it. 

J).  Poliomyelitis  Anterior  Acuta  in  the  Adult. 

When  this  malady  attacks  adults,  we  have  essentially  the 
same  picture  of  disease  presented  to  us  as  in  children.   It  is 
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merely  modified,  in  a  non-essential  manner,  by  the  fact  that  the 
brain  of  the  adult  offers  somewhat  more  resistance  to  the  initial 
disturbances,  tliat  the  general  organism  is  not  so  highly  disposed 
to  fever,  and  that  the  growth  of  the  bones  is  already  completed, 
and  the  firmness  of  the  joints  is  greater. 

Here,  too,  the  disease  begins  with  a  general  ill-feeling,  with 
/ever  which  is  generally  introduced  with  lively  ^am  in  the  back 
and  the  extremities^  and  not  rarely  with  parcBsihesia  (formica- 
tion, a  feeling  of  numbness,  etc.).  Severe  cerebral  symptoms  are 
generally  wanting  ;  general  convulsions  have  never  yet  been  ob- 
served, but  severe  JieadacJie,  dulness,  somnolency,  and  even  slight 
delirium  occur.  Well-marked  gastric  symptoms,  vomiting,  etc., 
have  been  repeatedly  met  with.  In  some  cases  the  fever  reaches 
great  intensity. 

Then  the  paralysis  is  developed,  more  or  less  rapidly,  gene- 
rally in  the  course  of  a  few  hours,  perhaps  over  night,  more 
rarely  not  until  after  a  few  days.  Just  as  in  the  case  of  children, 
it  is  more  or  less  widely  spread,  complete,  and  with  entire  liac- 
cidity  of  the  paralyzed  muscles. 

Now  and  then  temporary  weakness  of  the  bladder  is  also  de- 
veloped. Reflex  action  in  the  paralyzed  muscles  is  either  low- 
ered or  extinguished  ;  though  in  some  cases  (thus  with  Frey)  it 
may  be  retained,  at  least  in  those  muscles  which  are  not  perma- 
nently and  not  completely  paralyzed.  These  statements,  how- 
ever, need  further  confirmation,  through  accurate  examinations. 

An  improvement  of  the  general  condition  very  soon  sets  in — 
after  one  or  two  days,  rarely  not  till  the  eighth  or  tenth  day — 
and  then  an  improvement  in  the  paralytic  sj^mptoms  soon  fol- 
lows. This,  then,  either  gradually  advances — usually  not  until 
after  many  weeks  and  months — to  complete  restitution  of  the 
paralyzed  parts  {temporary  'paralysis,  case  of  Frey),  or  there  is 
merely  a  partial  restitution  of  the  muscles,  and  the  rest  of  them 
remain  for  a  long  time  or  permanentl}^  paralyzed.  In  these,  as 
in  the  case  of  children,  rayidly progressive  atrophy  then  follows, 
with  evidences  of  the  reaction  of  degeneration,  etc.  The  skin 
becomes  lax  and  withered,  the  extremities  cool  and  cyanotic. 

But  there  exists  no  trace  of  disturbances  of  sensation  ;  the 
patient  never  takes  to  his  bed ;  the  bladder  troubles  that  may 


POLIOMYELITIS  ANTERIOR  ACUTA. 


701 


Iiave  existed  soon  subside  ;  the  sexual  function  remains  entirely 
normal ;  the  general  nutrition  becomes  quite  good  again. 

In  the  further  course  of  the  disease  the  evil  consequences  of 
the  paralysis  and  atrophy  of  muscles  inevitably  show  themselves 
in  the  shape  of  paralytic  and  myopathic  contractures  and  the 
deformities  resulting  therefrom.  These,  however,  never  reach 
the  same  degree  as  in  children,  partly  because  in  adults  there  is 
no  interference  with  the  growth  of  bones,  and  therefore  no  short- 
ening of  limbs,  because  the  greater  firmness  of  the  joints  and 
their  ligaments  in  adults  prevents  more  serious  deformities  of  the 
same,  and  because  adults  notice  the  deformities  at  their  very  be- 
ginning, and  seek,  by  means  of  early  treatment  or  careful  man- 
agement, to  remove  them,  or  to  hinder  their  further  development, 
which  is,  of  course,  not  nearly  as  much  the  case  with  children. 

The  differences  between  acute  spinal  paralysis  in  children  and 
that  in  adults  actually  reduce  themselves  down  to  this  more 
slight  development  of  the  secondary  and  consecutive  alterations 
in  the  latter.  In  all  other  respects,  in  the  extension  of  the  paral- 
ysis and  atrophy  to  single  or  to  many  muscles,  to  one  or  to  all 
extremities,  or  to  the  trunk,  in  the  further  course  of  the  disease, 
in  the  insignificant  influence  of  the  same  on  the  general  well- 
being,  etc.,  there  is  the  most  complete  correspondence  between 
the  two,  and  it  is  therefore  not  necessary  to  add  anything  fur- 
ther with  regard  to  the  affection  in  adults. 

Course— Duration— Terminations. 

There  is  not  much  to  be  added  to  what  has  already  been  said 
on  this  subject.  The  typical  and  ordinary  course  of  the  disease 
— with  its  extremely  acute  beginning  and  very  quick  transition 
to  a  chronic  stage,  and  with  its  gradual  development  of  second- 
ary changes — is,  in  the  majority  of  cases,  pretty  much  the  same, 
and  has  been  described  with  sufficient  minuteness  in  the  preced- 
ing pages. 

With  reference  to  the  course  of  the  affection,  we  will  only  add 
a  few  words  on  the  subject  of  so-called  temporary  spinal  paral- 
ysis. The  term  "  temporary  paralysis"  seems  to  have  been  first 
used  by  Kennedy  ;  at  least  he  is  everywhere  cited  as  authority 
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for  the  occurrence  of  temporary  paralysis  in  cliildren,  and  I 
think  unjustly  so,  for  scarcely  any  of  his  cases  belong  under  this 
general  head,  and  those  which  do  belong  under  it  were  not 
"temporary."  At  the  same  time,  such  temporary  forms  of 
acute  spinal  paralysis  do  seem  to  occur,  as  has  been  claimed  by 
Duchenne,  Volkmann,  and  others,  and  established  by  Frey  with 
several  undoubted  cases.  Neither  can  we  see  any  reason  why  the 
restoration  of  motility,  which  in  ordinar}''  cases  is  regularly  ob- 
served in  a  part  of  the  muscles,  should  not  in  the  lighter  cases 
extend  to  all  the  paralyzed  muscles.  These  temporary  forms  are 
distinguished  from  the  permanent  ones  only  in  this,  that  in  the 
course  of  some  weeks,  or  a  few  months,  complete  restoration  of 
all  movements  takes  place,  although,  at  the  beginning,  these 
cases  were  by  no  means  to  be  distinguished  from  the  severer 
forms  ;  they  may  even  have  been  characterized  by  atrophy  with 
loss  of  faradic  irritability.  These  temporary  forms  occur  in 
adults  as  well  as  in  children. 

Nothing  further  need  be  added  with  regard  to  the  duration 
of  the  disease. 

The  termination  of  the  disease  seems  always  to  be  favorable, 
so  far  as  its  relation  to  life  is  concerned.  There  is  no  evidence 
that  this  disease,  of  itself,  has  ever  directly  induced  death.  In 
persons  who  have  been  affected  with  spinal  paralj^^sis  death  re- 
sults from  accidental  occurrences,  the  weakness  of  age,  or  any 
disease  imaginable. 

Cases  of  this  affection  divide  themselves,  quite  simpl}^  into 
two  classes :  those  in  which  complete  recovery  takes  place — the 
temporary  paralyses  just  mentioned,  and  those  in  which  tJie 
recovery  remains  incomplete^  that  is,  there  is  recovery  with  some 
remaining  defect.  This  defect  is  due  to  permanently  pai'alj^zed 
and  atrophied  muscles,  to  the  shortening  and  bending  of  limbs, 
etc.  Daily  experience  teaches  that  this  defect,  even  when  it  is 
very  great,  need  not  materiall}'-  interfere  with  the  general  Avell- 
being,  nor  the  following  of  an  occupation,  nor  the  enjo3'^ment  of 
life.  To  be  sure,  there  are  also  miserable  cripples  enough  who 
have  been  placed  in  the  saddest  predicament  for  their  entire  lives 
by  means  of  acute  spinal  paralysis,  even  though  they  may  still 
enjoy  a  good  appetite  and  a  clear  head. 


POLIOMYELITIS  ANTERIOR  ACUTA. 


703 


We  would  here  again  briefly  call  attention  to  one  point.  It 
would  be  well  worthy  of  further  attention  to  investigate  whether 
persons  who  have  once  gone  through  with  an  attack  of  acute 
spinal  paralysis  do  not  show  a  greater  disposition  to  diseases  of 
the  spinal  cord,  so  that  in  later  life  they  are  attacked  with  other 
spinal  affections.  I  have  stated  above  that  this  has  occurred  but 
seldom  in  my  own  experience  and  that  of  others — so  seldom,  in 
comparison  with  the  absolute  frequency  of  the  spinal  paralysis 
of  children  in  general,  that  I  am  rather  inclined  not  to  believe  in 
any  such  causal  relation.  Still,  this  experience  may  prove  to  be 
deceptive,  and,  on  closer  investigation,  the  facts  may  turn  out 
differently. 

Diagnosis. 

With  the  degree  of  knowledge  at  our  disposal  to-day,  and  in 
view  of  the  great  uniformity  of  the  picture  of  the  disease  and  its 
course,  it  is  certainly  quite  easy  to  recognize  acute  poliomyelitis 
anterior.  There  will  be  no  difficulty  in  making  the  diagnosis 
where  the  characteristic  grouping  of  symptoms  is  present ; 
where  a  sudden  febrile  affection,  not  unfrequently  accompanied 
by  severe  cerebral  manifestations,  is  quickly  followed  by  a  wide- 
spread paralysis  of  a  high  grade,  with  complete  relaxation  of  the 
limbs;  where  early  improvement  of  the  general  condition,  and 
not  long  after  partial  recovery  from  the  paralysis  follows,  while 
the  more  severely  paralyzed  muscles  lose  their  faradic  irritabili- 
ty and  fall  victims  to  rapid  atrophy  ;  where  reflex  action  is  com- 
pletely extinguished,  but  cutaneous  sensibility  and  the  functions 
of  the  bladder  and  rectum  are  entirely  preserved.  Under  these 
circumstances  it  will  not  be  necessary  to  wait  for  secondary  con- 
tractures and  deformities,  for  the  arrest  of  the  growth  of  limbs, 
etc.,  to  confirm  the  diagnosis. 

But,  even  in  the  lightest,  and  what  might  be  called  fragmen- 
tary cases,  it  will,  as  a  rule,  be  possible  to  make  a  diagnosis  with 
greater  or  less  certainty  by  means  of  a  thorough  examination  of 
the  nerves  and  muscles,  careful  regard  to  the  development  of  the 
disease,  and  all  other  circumstances  relating  thereto.  Durinfr 
its  latest  stages,  likewise,  the  disease  may  still  be  recognized  by 
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its  sequels,  and,  unless  all  points  in  the  history  of  the  case  going 
to  show  the  method  of  its  development  are  wanting,  may  be  pro- 
nounced upon  with  certainty.  Here,  however,  it  is  easier  to 
imagine  the  possibility  of  confounding  it  with  the  sequels  of 
other  kindred  forms  of  disease. 

We  must,  however,  as  a  matter  of  course,  be  careful  not  to 
place  in  this  category  every  instance  of  spinal  paralysis  arising 
in  childhood,  even  if  accompanied  with  atrophy.  This  is,  alas, 
still  too  often  done.  But  such  a  stretching  of  the  idea  of  what 
is  included  under  "  spinal  paralysis  of  childhood  "  is  not  justifi- 
able at  the  present  day,  and  it  must  be  positively  required  that 
in  the  diagnosis  the  cliaracteristic  signs  of  the  disease  be  ad- 
hered to. 

Acute  poliomyelitis  anterior  must  be  distinguished  from  the 
following  forms  of  disease  : 

From  acute^  central,  or  transverse  myelitis.  Here  the  dis- 
tinction will  not  generally  be  difficult,  on  account  of  the  disturb- 
ances of  sensibility  and  of  the  bladder  and  rectum  which  are 
almost  invariably  present  in  these  diseases ;  on  account  of  the 
occurrence  of  bed-sores ;  on  account  of  the  fact  that  there  is 
usually  increased  reflex  action  and  usually  no  atrophy.  The 
principal  marks  of  distinction  are  the  disturbances  of  sensibility 
and  of  the  bladder,  also  the  course  of  the  affection. 

HcBmatomyelia,  or  hemorrhage  into  the  gray  substance,  may 
present  great  similarity  to  acute  spinal  paralysis,  on  account  of 
the  rapid  development  of  the  paralysis,  the  subsequent  atrophy 
and  reaction  of  degeneration,  the  absence  of  reflex  action,  etc. 
But  the  non-febrile  beginning  of  the  former,  the  entirely  sudden^ 
apoplectiform  appearance  of  the  paralysis,  the  almost  invariable 
disturbances  of  sensibility,  the  paralj^sis  of  the  sphincters,  the 
bed-sores,  etc.,  insure  the  diagnosis  of  hemorrhage. 

Myelitis  from  compression — such,  for  instance,  as  not  rarely 
leads  to  rapidly  developed  paraplegia  in  Pott's  disease — can  onl}' 
be  confounded  with  poliomyelitis  anterior  by  reason  of  great 
inattention,  or  in  quite  exceptional  cases.  The  disturbances  of 
sensibility,  the  heightening  of  reflex  excitability,  the  paralysis 
of  the  bladder,  the  spasmodic  manifestations  in  the  lower  ex- 
tremities, the  absence  of  atrophy  and  the  reaction  of  degenera- 
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tion,  the  presence  of  affections  of  the  vertebral  column,  of  lively- 
pain,  of  disturbances  of  the  general  health,  etc.,  are  enough  to 
determine  the  presence  of  this  form  of  disease. 

The  cerebral  heviiplegia,  which  is  not  rare  in  children  and 
quite  frequent  in  adults  (especially  what  is  called  "hemiplegia 
spastica  infantilis"),  is  to  be  distinguished  from  our  disease  by 
the  more  or  less  complete  demonstration  of  the  following  symp- 
toms: headache,  dizziness,  affection  of  the  cerebral  and  spinal 
nerves,  strabismus,  a  stupid  expression  of  countenance,  paralysis 
with  tension  of  the  muscles  and  spasmodic  contractures,  increased 
reflex  excitability  of  the  tendons,  no  atrophy  or  but  a  very 
slight  degree  of  the  same,  the  preservation  of  electrical  irrita- 
bility, involuntary  additional  movements  on  voluntary  motion  of 
the  sound  side  of  the  body,  stiffness  and  extension  of  the  joints, 
the  bones  not  at  all  or  'but  little  shortened,  more  or  less  consid- 
erable disturbances  of  sensibility,  no  scoliosis,  etc.  These  signs 
are  also  sufficient  for  a  differential  diagnosis,  even  when  such  a 
cerebral  affection  is  bilateral. 

Progressixe  muscular  atrophy  is  to  be  distinguished  from 
acute  spinal  paralysis  simply  by  its  chronic  development,  the 
progressive  course  of  the  disease,  and  the  lesser  prominence  of 
the  paralysis  ;  furthermore,  by  the  retention  of  electrical  irrita- 
bility, the  hereditary  relations  of  the  disease,  etc. 

Pseudo-hypertrophy  of  the  muscles  is  likewise  to  be  recognized 
by  the  slow  development  of  the  disease,  the  absence  of  severe 
paralysis,  the  increase  in  the  volume  of  the  muscles,  and  the 
absence  of  any  atrophy. 

The  spasmodic  spinal  paralysis  of  children,  two  cases  of 
which  I  have  reported,'  is  very  easily  to  be  distinguished  by 
the  slow,  insidious  and  unnoticed  development  of  paresis  (which 
seldom  goes  on  to  complete  paralysis),  by  the  muscular  tension 
and  contractions,  the  increased  irritability  of  the  tendons,  and 
the  absence  of  atrophy  and  the  reaction  of  degeneration. 

The  distinction  between  our  disease  and  the  paralysis  of  chil- 
dren following  delivery which,  at  a  certain  stage,  may  have 


'  Virchow's  Archiv.  Bd.  70.  Heft  3.  1877. 

'  See  this  Cyclopaedia.  Vol.  XI.  {Erh^  Diseases  of  the  Peripheral  Nerves),  p.  561. 
VOL.  XIII.— 45 
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some  resemblance  to  the  spinal  paralysis  of  children,  of  limited 
localization,  is  generally  determined  by  the  history  of  the  case ; 
and  when  this  is  not  true,  by  the  characteristic  localization,  as 
well  as  by  the  disturbances  of  sensibility  that  are  present ;  fur- 
thermore, by  the  absence  of  a  febrile  initial  stage,  the  occurrence 
of  the  trouble  at  an  early  age,  etc. 

The  peripheral  paralyses  of  single  groups  of  muscles  and 
nerves  through  pressure,  faulty  position,  tight  bandaging,  etc., 
such  as  not  rarely  occur  in  children,  will  be  correctly  pronounced 
on  by  demonstration  of  the  cause,  by  the  absence  of  the  charac- 
teristic initial  stage,  by  the  strict  localization  of  the  trouble  in  a 
definite  peripheral  nerve-domain,  by  the  presence  of  disturbances 
of  sensibility,  by  the  rapid,  favorable  result,  etc. 

For  the  distinction  between  this  and  subacute  and  chronic 
poliomyelitis,  see  the  following  section.  ' 

Prognosis. 

Acute  atrophic  spinal  paralysis  does  not  appear  ever  directly 
to  threaten  life ;  its  prognosis  is  therefore  absolutely  favorable, 
so  far  as  life  is  concerned.  The  first  onset,  it  is  true,  often  looks 
■dangerous,  and  it  does  not  appear  exactly  impossible  that  death 
may  occasionally  follow  during  the  initial  stage.  It  is  a  ques- 
tion which  as  yet  remains  undecided,  whether  some  cases  of 
death  from  "convulsions"  do  not  belong  in  this  category.  This 
can  only  be  decided  by  a  very  careful  and  intelligent  examina- 
tion of  the  spinal  cord  in  such  cases.  I  was  forcibly  struck  by 
the  fact  that  in  von  Heine's  histories  of  his  patients  it  repeatedly 
appears  that  one  or  another  child  in  the  same  family  had  died  of 
convulsions. 

The  prognosis  with  reference  to  complete  recover}''  is  quite 
different.  Here  it  may  be  pronounced  as  almost  absolutely  un- 
favorable. The  "temporary"  forms  of  the  disease  are  so  rare 
that  they  can  hardly  be  taken  into  consideration ;  in  fact,  the 
best  we  can  do,  almost  always,  is  to  make  a  prognosis  of  recov- 
ery with  greater  or  lesser  remaining  defects.  The  parts  that  do 
not  regain  their  mobility  in  the  first  two  or  three  months,  or 
within  the  first  six  months,  seldom  do  so  at  a  later  period. 
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There  is  then  little  to  be  expected  in  the  way  of  direct  attempts 
at  recovery,  although  slight  and  partial  improvements,  even  at 
later  periods,  are  not  exactly  rare. 

At  the  same  time  the  usefulness  of  the  extremities  may  still 
be  materially  improved  through  appropriate  orthopasdic  opera- 
tions, gymnastics,  electrical  treatment,  etc.,  and  thus  the  magni- 
tude of  the  defect  be  rendered  less  noticeable  by  the  patient. 

The  prognosis  in  this  respect  depends  upon  the  grade  and 
extent  of  the  paralysis,  upon  the  preservation  and  the  functional 
capacity  of  certain  muscles  and  groups  of  muscles,  upon  the 
extent  of  the  atrophy  and  the  amount  of  deformity  already 
present,  upon  the  age  of  the  patient  and  of  the  disease  at  the 
beginning  of  treatment,  upon  the  intelligence  and  perseverance 
of  the  patient,  and  more  of  the  same  kind.  A  rich  experience  will 
of  course  sharpen  one's  judgment  with  regard  to  the  value  of 
these  several  conditions. 

LEEDS  •JkWESf-H. 
Therapeutics.  WEDICO-CHiRURCICAL  SOC: 

The  treatment  of  acute  spinal  paralysis  naturally  falls  into 
two  divisions :  the  treatment  of  tlie  acute  inflammatory  attack^ 
and  that  of  its  sequels  and  results  (the  paralysis,  atrophy,  con- 
tractures, and  deformities). 

The  fulfihnent  of  the  first  task  is  rendered  difficult  by  the 
fact  that  the  endeavors  of  the  physician  often  come  too  late,  or 
that  his  diagnosis  remains  in  doubt  until  the  paralysis  is  fully 
developed. 

In  all  cases,  however,  which  come  under  treatment  in  good 
time,  the  measures  which  would  be  applicable  in  acute  myelitis 
are  to  be  adopted  with  all  energy — of  course,  in  a  manner  fitting 
the  circumstances,  and  especially  with  due  reference  to  the  tender 
age  of  many  of  the  patients.  Local  abstraction  of  blood,  there- 
fore (leeches,  cups,  etc.),  is  to  be  employed,  first  of  all,  at  the 
parts  especially  affected  (the  lumbar  and  cervical  enlargements) ; 
cathartics  (calomel,  infusion  of  senna,  etc.)  ;  inunction  of  mer- 
curial ointment  to  the  back ;  the  use  of  ergotine,  belladonna,  or 
iodide  of  potassium  in  appropriate  doses ;  derivatives  (strips  of 
blister  plaster  the  length  of  the  spine,  painting  with  tincture  of 
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iodine,  etc.) ;  and,  in  appropriate  cases,  the  application  of  ice,  or 
the  employment  of  Priessnitz's  cold  wraps  about  the  trunk.  In 
cases  of  severe  brain-symptoms,  Kussmaul  recommends  a  tepid 
bath,  with  cold  alfusion  to  the  head.  Still,  we  need  not  be 
immediately  driven  to  more  active  interference  by  apparently 
threatening  manifestations,  as  experience  teaches  that  there  is 
hardly  ever  any  real  danger  during  the  initial  stage.  But  if  we 
should  succeed,  by  energetic  treatment,  in  suppressing  the  mye- 
litis at  its  outset  and  thus  preserving  a  portion  of  the  nervous 
elements  from  positive  destruction,  it  would  be  a  great  point 
gained. 

In  the  second  stage  of  the  disease  it  must  likewise  be  our 
main  endeavor  to  induce  a  favorable  change  in  the  diseased  focus 
itself  within  the  spinal  cordj  to  favor  the  resolution  of  the  inflam- 
matory and  degenerative  changes,  so  that  whatever  of  nerve-ele- 
ments, fibres  and  cells,  may  still  be  capable  of  being  saved,  shall 
be  saved  and  again  put  in  condition  to  perform  their  functions. 
Those  ganglion-cells  which  have  once  been  totally  destro3''ed  can- 
not be  reproduced,  but  probably  cells  and  fibres  which  are  in  the 
act  of  degeneration  may  be  preserved  from  further  destruction, 
and  gradually  brought  back  again  to  the  performance  of  their 
functions.  It  is  only  on  this  supposition  that  there  can  be  any 
sense  in  the  further  symptomatic  treatment  of  peripheral  nerves 
and  muscles.  It  is  hard,  indeed,  to  determine  how  far  the  power 
of  our  curative  measures  reaches  towards  the  fulfilment  of  this 
indication  ;  up  to  the  present  time  not  much  can  be  said  in  praise 
thereof. 

The  galvanic  current  may  undoubtedly  be  regarded  as  one  of 
the  principal  means  of  influencing  the  diseased  area  within  the 
spinal  cord  ;  and  it  is  the  catalytic  action  of  the  current  that  is 
to  be  tried.  What  we  want,  therefore,  is  a  stabile  action  of  the 
current  upon  those  portions  of  the  spinal  cord  which  are  chiefly 
diseased.  Our  best  plan  will  be  to  place  a  large  electrode,  which 
will  cover  the  entire  diseased  area,  over  the  corresponding  por- 
tion of  the  back  (over  the  lumbar  or  cervical  enlargement),  and 
to  apply  the  other  to  the  anterior  surface  of  the  trunk,  and  first 
to  let  the  anode,  then  the  cathode  act  for  from  one  to  two  min- 
utes at  a  time,  with  a  moderately  strong  current.   The  earlier 
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tliis  treatment  is  begun,  the  better  ;  during  the  later  stages  little 
is  to  be  expected  from  it,  although,  according  to  the  well-estab- 
lished experience  of  some,  a  favorable  effect  is  by  no  means  im- 
possible. The  treatment  must  be  continued  for  a  long  time,  or 
must  be  repeated,  at  intervals,  for  several  years. 

It  must  be  admitted  that,  as  yet,  this  treatment  has  been  fol- 
lowed by  no  specially  brilliant  results  ;  this  is  perhaps  partly  due 
to  the  fact  that  these  cases  almost  always  come  nnder  treatment 
far  too  late,  and  that  physicians  have  often  contented  themselves 
with  the  peripheral  application  of  the  current  to  the  paralyzed 
muscles,  instead  of  making  the  diseased  area  within  the  cord 
itself  the  main  object  of  galvanic  treatment,  as  should  always  be 
done.  It  is  also  quite  evident  that  the  faradic  current  is  not  the 
one  to  be  used  in  these  cases.  According  to  ray  own  experience, 
which  relates  almost  exclusively  to  old  cases  and  later  stages,  I 
can  report  no  brilliant  results  ;  still,  I  have  often  seen  improve- 
ment set  in,  which  I  was  obliged  unquestionably  to  ascribe  to  the 
treatment,  so  that  I  cannot  concur  in  the  unfavorable  verdict  of 
Volkmann  on  electrical  treatment.  This  verdict  has  also  already 
been  corrected  by  Hitzig  and  Juergensen.  To  be  sure,  we  may 
not  expect  much  from  inappropriate,  inadequate,  or  purely  per- 
ipheral electrical  treatment,  and  under  all  circumstances  the  at- 
tainment of  any  considerable  result  requires  unusual  patience  and 
perseverance  on  the  part  of  the  physician  as  well  as  the  patient. 

The  same  end — healing  and  resolution  of  the  changes  within 
the  spinal  cord — may  be  sought  to  be  reached  through  the  gen- 
eral stimulation  of  tissue-changea  and  of  nutrition.  On  this 
ground  something  is  to  be  expected  from  the  use  of  baths  (ther- 
mal springs,  saline  springs,  thermal  saline  springs  rich  in  gas, 
animal  baths,  pine-needle  baths,  cold-water  cures,  sea-baths,  etc.). 
No  more  precise  indications  for  the  selection  of  the  kind  of  baths 
can  yet  be  given.  For  children,  I  should  first  use  saline  springs 
and  saline  thermal  springs, afterwards  light  cold-water  treatment; 
and  for  somewhat  larger  children,  also  sea-baths  (and  sea-air). 
For  adults,  I  would  recommend  gaseous  saline  thermal  springs, 
and  then  the  energetic  cold-water  cure. 

On  the  same  principle,  a  strong  and  abundant  diet  will  be  of 
benefit,  with  prolonged  sojourn  in  the  open  air— the  air  of  moun- 
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tains  and  woods — and  the  use  of  cod-limr  oil.  It  is  a  question 
whether  rubbing  the  skin  loith  spirituous  or  oilier  applications 
may  have  a  similar  though  feebler  effect,  by  exciting  the  activity 
of  the  skin  and  aiding  the  circulation ;  at  all  events,  it  may  be 
tried. 

As  a  matter  of  course,  all  sorts  of  internal  remedies  have  been 
tried — iodide  of  potassium,  iodide  of  iron,  nitrate  of  silver,  etc. — 
all,  at  best,  with  doubtful  results.  Strychnine  has  been  warmly 
recommended  by  many  for  the  second  stage  ;  Heine  and  Sinkler 
have  found  it  alike  inefficacious  when  used  internally  or  exter- 
nally. In  view  of  the  much  surer  and  safer  action  of  electricity, 
its  use  may  well  be  ignored.  Hammond  recommends  ergot  to  be 
given  as  earl}''  as  possible,  and  in  full  doses. 

Finally,  symptomatic  treatment  is  of  the  highest  importance. 
This  is  to  be  directed,  first,  against  the  paralysis  and  atrophy  of 
the  muscles.  The  principal  means  to  be  used  is  electricity.  In 
addition  to  the  direct  galvanic  treatment  of  the  spinal  cord  itself, 
the  systematic  peripheral  treatment  of  the  nerves  and  muscles  is 
also  to  be  carried  on.  Naturally,  the  galvanic  current  is  the  one 
to  be  used  first,  on  account  of  the  reaction  of  degeneration  of  most 
of  the  muscles.  Still,  Duchenne  has  arrived  at  quite  noteworthy 
results  even  with  the  faradic  current ;  this  is  especially  applica- 
ble to  those  nerves  and  muscles  which  have  but  slightly  lost  or 
entirely  retained  their  faradic  irritability.  But  these  muscles, 
naturally,  also  offer  the  best  chances  for  galvanic  treatment.  The 
method  of  treatment  is  simple :  the  labile  application  of  the  ca- 
thode over  all  the  paralyzed  muscles  and  nerves,  while  the  anode 
is  best  placed  upon  the  vertebral  column  at  the  height  of  the 
main  lesion.  For  very  much  atrophied  and  but  slightly  irritable 
muscles,  changes  in  the  current  are  to  be  recommended  in  which 
both  electrodes  are  to  be  applied  to  the  muscle  (one  upon  the 
nerve-trunk  belonging  to  it).  The  strength  of  the  current  should 
be  such  as  to  produce  distinct  twitchings  and  lively  redness  of 
the  skin.  The  faradic  application  is  to  be  made  with  moist  elec- 
trodes, and  with  a  pretty  strong  current.  Treatment  must  al- 
ways be  continued  for  a  yqyj  long  time — months  and  years — with 
longer  or  shorter  intervals.  By  this  means  some  slight  progress 
is  generally  attained. 
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In  support  of  the  electrical  treatment,  massage  and  kneading 
of  the  onuscles,  together  with  appropriate  gymnastic  exercises, 
may  be  undertaken.  The  ajpiolication  of  warmth  (warm-water 
compresses,  sand-bags,  etc.)  has  also  been  recommended  to  fur- 
ther the  blood-supply  and  nutrition  ;  and  for  this  purpose,  too, 
some  have  advocated  f  riction  of  the  limbs  with  irritating  sub- 
stances (oil  of  mustard,  tincture  of  cantharides,  strong  liquor 
ammonise,  extract  of  nux  vomica,  etc.). 

But  the  main  portion  of  the  treatment  generally,  and  in  old 
cases  always,  falls  within  the  domain  of  orthopcBdic  surgery. 
It  is  not  our  province  here  to  enter  into  details  on  the  difficult 
and  manifold  indications  which  arise  in  this  connection  ;  we 
refer  our  readers,  for  that,  to  treatises  on  surgery  and  orthopae- 
dics. We  will  only  allow  ourselves  a  few  brief  observations  on 
the  main  principles  of  the  orthopaedic  treatment. 

The  main  point,  and  the  most  important  task,  which  devolves 
precisely  upon  the  practitioner  who  has  these  cases  under  treat- 
ment at  the  beginning,  is  the  prevention  of  contractures  and 
deformities  ;  when  these  are  once  developed  and  have  grown  old, 
they  are  a  more  appropriate  object  for  the  specialist  in  ortho- 
paedics and  for  orthopaedic  institutions.  The  physician  may 
render  considerable  service  in  this  respect,  if  he  keeps  in  mind 
the  purely  mechanical  methods  of  origin  of  the  majority  of  con- 
tractures and  deformities,  and  early  enough  counteracts  these 
mechanical  causes.  This  is  the  main  point,  and  in  its  accom- 
plishment electricity,  gymnastics,  light  frictions,  and  baths  can 
serve  merely  as  mild  adjuvants. 

The  essential  point  consists  in  watching  the  position  of  the 
limb  when  at  rest,  and  in  guarding  the  movements  and  the  gait 
so  as  to  avoid  the  undue  burdening  of  one  side  of  the  body 
and  continuous  false  positions.  In  guarding  against  the  oc- 
currence of  talipes  equinus  it  is  sufficient,  according  to  Volk- ' 
mann,  if,  during  the  earliest  stage,  while  the  patient  is  lying  | 
down,  the  foot  be  fastened  to  a  light  foot-board  by  means  of  a 
flannel  bandage,  and  this  be  drawn  up  somewhat  towards  the  leg 
by  a  strip  of  adhesive  plaster.  On  their  attempting  to  walk, 
children  should  be  put  into  stout-laced  boots,  with  a  steel  shank 
on  the  outer  or  inner  side  of  the  boot-leg,  or  with  the  sole  slightly 
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thicker  on  the  one  side  or  the  other ;  in  this  way  the  develop- 
ment of  talipes  varus  or  valgus  may  be  counteracted.  The  for- 
mation of  talipes  calcaneus  may  be  combated  by  supplying  the 
defective  action  of  the  posterior  muscles  of  the  leg  by  a  strong 
bridle  of  rubber  (the  best  is  a  rubber  ring),  which  passes  from  the 
heel  to  a  trough-like  fixture  that  is  applied  to  the  leg  just  below 
the  knee,  and  that  is  held  firmly  in  place  by  a  side-bar  fastened 
to  the  shoe.  Indeed,  the  lost  muscular  power,  wherever  it  occurs, 
may  be  replaced  in  various  ways  by  means  of  elastic  tugs  and 
the  like. 

According  to  the  seat  and  extent  of  the  paralysis,  according 
to  the  kind  and  magnitude  of  the  deformity,  the  most  varied 
machines  and  supporting  apparatuses  are  to  be  applied,  in  the 
construction  of  which  orthopaedic  surgery  has  accomj)lished  a 
great  deal,  and  which  often  secure  to  the  patient  a  very  consider- 
able use  of  his  limbs. 

In  the  more  severe  deformities  tenotomy  and  forcible  means 
of  correction  may  come  into  play.  According  to  Volkmann, 
patients  should,  as  far  as  possible,  avoid  the  use  of  crutches  and 
similar  supports,  especially  at  the  beginning  of  their  ailment. 

16.  Subacute  and  Chronic  Inflammation  of  the  Gray  Anterior 
Horns. — Poliomyelitis  anterior,  subacuta  et  chronica. — 
Chronic  atrophic  spinal  paralysis. — Paralysie  generate  spi- 
nale  anterieure  subaigue  {Duc7ienne). 

Duclienne  {de  Boulogne),  Recherches  glectropliysioL,  patholog.  et  th6rap.  Compt. 
rend,  de  I'AcacI.  d.  Sc.  1849— De  I'eiectrisat.  localisCe.  1855.  3.  edit.  1872.  p. 
459. — Nesemann,  Heilung  eines  bis  zur  vollstiind.  Liilimung  aller  Extremitaten 
vorgeschritt.  Falles  von  progress.  Muskelatroi^liie  u.  s.  w.  Berl.  klin.  Woch. 
1868.  Nr.  37. — PocJie,  Quelques  consider,  sur  Ics  amyotroph.  d'origine  spinale. 
Th&se.  Paris,  1874. — Frey,  Fall  von  subacut.  Liilimung  Erwachsener.  Berl. 
klin.  Woch.  1874.  Nr.  44,  45. — Erb,  Ueb.  acut.  Spinalliihin.  bei  Erwachs.  und 
iiber  verwandte  spinale  Erkrankung.  Arcli.  f.  Psych,  u.  Nervenkrankh.  V. 
Beob.  7.  1875. — Cornil  et  Lepine,  Cas  de  paralys.  gdn^r.  spin.  antCr.  subaigue, 
suivi  d'autopsie.  Gaz.  mCd.  dePar.  1875.  Nr.  11. — Lemoine,  Paralys.  de  Tadulte. 
Gu6rison.  Lyon  in6dic.  1875.  Nr.  15. — Lincoln,  Case  of  Spinal  Paralysis  in 
an  Adult.  Host.  Med.  Surg.  Journ.  1875.  March  25.— G.  Wehher,  Contrib.  to 
the  Study  of  Myelitis.    Transact.  Americ.  Neurol.  Assoc.  for  1875.    Vol.  L  p. 
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55. — Golldammer,  Ueb.  eiiiige  FiiUe  von  subaciiter  Spinalparalyse.  Berl.  klin. 
Woch.  187C.  Nr.  Hammond,  Diseases  of  the  Nerv.  Syst.  G.  edit.  187G.— 
Klose,  Zur  Lelire  von  der  Paralys.  spinal,  anter.  subacut.  Diss.  Breslau,  1876. 
— Bernhardt,  Beitr.  zur  Lehre  von  der  acut.  atroph.  Lahmung  Erwachsener. 
Arch.  f.  Psych,  u.  Nervenkraukh.  VII.  S.  313.  1877. 

LEEDS &WES 

History.  MEDICO-CHiRURGlCAi 

It  was  Diiclienne  wlio,  first  in  the  year  1849,  and  then  again 
in  1853,  described  a  peculiar  form  of  spinal  disease,  cliaracter- 
ized  by  motor  paralysis,  progressing  more  rapidly  or  more  slowly, 
accompanied  with  atj'ophy  in  bulk  of  the  muscles,  and  loss  of 
their  faradic  excitability,  without  any  other  manifestations. 

This  statement  attracted  but  little  attention  until  Duclienne, 
in  the  thu-d  edition  of  his  "Electrization  localisee"  (1872),  again 
and  more  emphatically  pointed  out  the  existence  of  this  form  of 
disease,  and  gave  a  detailed  description  of  the  same.  Influenced 
in  part  by  a  hypothetical  belief  with  regard  to  the  anatomical 
basis  of  the  disease — which  he  believed  to  consist  in  chronic  de- 
generation of  the  gray  anterior  horns — he  designated  it  "Para- 
lysie  generale  spinale  anterieure  subaigue." 

Since  that  time  the  existence  of  the  disease  has  been  univer- 
sally recognized  as  a  clinical  fact,  and  single  instances  of  it  have 
been  described  by  various  authorities  (Poche,  Frey,  Erb,  Web- 
ber, Cornil  et  Lepine,  Klose,  Groltdammer,  Bernhardt,  and 
others). 

The  only  point  on  which  there  is  still  any  doubt  is  with 
reference  to  the  anatomical  basis  of  the  disease,  although  the 
single  reports  of  post-mortems  thus  far  made  by  Cornil  et  Lepine 
and  by  Webber,  would  seem  strongly  to  confirm  the  hypothesis 
first  set  up  by  Buchenne.  Further  observations  on  this  subject 
are  desirable. 

Definition. 

Clinically  considered,  the  disease  presents  itself  as  a  motor 
paralysis,  usually  developed  without  fever,  with  but  slight  gen- 
eral disturbance  and  insignificant  disturbances  of  sensibility. 
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The  paralysis  more  or  less  rapidly  seizes  the  entire  lower  extrem- 
ities— generally  in  the  course  of  a  few  days,  or  at  the  most  a  few 
weeks — and  soon  extends  to  the  upper  extremities  also  (much 
more  rarely  showing  the  opposite  order  of  development  and  be- 
ginning in  the  upper  extremities)  ;  it  is  associated  with  complete 
Jiaccidity  of  the  muscles  and  loss  of  their  reflex  excitability^ 
and  is  followed  by  rapidly  progressive  atrophy  in  the  hulk  of 
the  paralyzed  muscles,  with  the  well-marked  reaction  of  degen- 
eration. 

The  disease  has  certainly,  as  a  rule,  an  ascending  course, 
though  it  is  by  no  means  always  progressive ;  its  development 
generally  comes  to  a  stand-still  sooner  or  later,  this  arrest  intro- 
ducing a  gradual  retrogression  of  the  disturbances,  which  may 
lead  to  more  or  less  complete  recovery. 

The  anatomical  limits  of  the  disease  cannot,  as  yet,  be  de- 
clared with  absolute  certainty  ;  but,  according  to  all  that  we  know, 
there  is  every  probability  of  its  being  located  in  the  gray  ante- 
rior horns.  The  two  post-mortem  examinations  thus  far  made 
virtually  confirm  this,  and  thus,  for  the  present,  we  may  desig- 
nate the  disease  as  a  subacute  or  chronic  inflammation  or  degen- 
eration of  the  gray  anterior  horns,  with  extensive  disappear- 
ance and  atrophy  of  the  large  multipolar  ganglion-cells. 


Etiology. 

The  causes  of  the  disease  under  consideration  are  as  yet  ex- 
ceedingly obscure.  Nothing  is  known  of  any  definite  predispo- 
sition thereto,  and  no  hereditary  influences  have  as  yet  been 
demonstrated.  All  the  cases  observed  thus  far  have  been  in 
adults,  and,  indeed,  between  the  ages  of  thirty  and  fifty,  as  is  also 
the  case  with  the  majority  of  other  chronic  spinal  diseases. 

Under  the  head  of  exciting  causes,  traumatic  injuries  have  been 
cited — a  fall  upon  the  hip  or  back  ;  furthermore,  gross  exposure  to 
taking  cold,  damp  dwellings,  and,  in  the  case  of  Klose,free  indul- 
gence in  beer  and  excesses  in  venery.  All  these  are  mentioned 
as  possible  etiological  conditions.  In  the  majority  of  cases, 
however,  no  definite  cause  for  the  disease  can  be  demonstrated. 
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We  must,  however,  here  briefly  call  attention  to  one  etiologi- 
cal factor  which  is,  as  yet,  of  hypothetical,  though  perhaps  of 
very  great  significance :  that  is,  clironiG  lead-poisoning.  In 
spealdng  of  the  pathogenesis  of  lead  paralysis,^  which  is  such  a 
peculiarly  characteristic  affection,  I  have  sought  to  show  that 
its  origin  is  probably  spinal  instead  of  peripheral,  and  E,  Reraak' 
has  established  this  more  accuratel}'^  and  in  a  more  detailed  man- 
ner by  the  sifting  and  critical  examination  of  a  larger  amount  of 
material.  He  comes  to  the  conclusion  that  quite  circumscribed 
alterations  in  the  gray  anterior  horns  probably  lie  at  the  founda- 
tion of  lead  paralysis.  These  alterations  might  well  be  of  a 
degenerative  or  chronic  inflammatory  nature,  but  are,  as  a  rule, 
capable  of  resolution.  Bernhardt  has  also  recently  given  in  his 
adherence  to  this  view.  In  fact,  the  whole  state  of  things  in 
lead  paralysis,  with  reference  to  mobility,  atrophy,  electrical 
relations,  the  absence  of  disturbances  of  sensibility,  etc.,  is  so 
entirely  analogous  to  that  in  poliomyelitis  anterior  chronica,  that 
we  are  almost  forced  to  the  theory  of  changes  in  the  anterior 
gray  horns  in  lead  paralysis.  On  the  other  hand,  again,  I  recently 
saw  two  cases  of  paralysis  of  the  upper  extremities,  which,  in  all 
their  details,  were  so  completely  analogous  to  lead  paralysis 
that  only  the  entire  lack  of  any  sort  of  evidence  of  lead-poison- 
ing was  sufficient  to  determine  me  to  give  up  this  diagnosis,  and 
accept  that  of  a  chronic  circumscribed  poliomyelitis  anterior. 
Thus,  everything  crowds  us  at  least  into  regarding  the  localiza- 
tion of  lead  paralysis  and  of  chronic  anterior  poliomyelitis  as  the 
same.  It  is  left  to  further  investigations  to  determine  whether 
the  saturnine  alterations  in  the  gray  anterior  horns  are  the  same 
in  kind  as  the  others — whether,  therefore,  the  lead-poisoning  calls 
forth  an  inflammatory  affection.  It  would  be  well,  at  all  events, 
to  keep  this  question  in  view  in  the  future. 


'  Erb,  Diseases  of  the  Peripheral  Nerves.    This  Cyclopaadia.    Vol.  XI. 
'  Zur  Pathogenese  der  Bleilahmungeru    Arch.  f.  Psych,  uad  Nerveiikrankh.  Vol. 
VL  p.  1.  1875. 
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Pathological  Anatomy. 

Up  to  the  present  time  there  are  but  two  reports  of  post-mor- 
tems before  us,  which  certainly  do  not  fulfil  all  the  requirements 
of  a  vigorous  critique.    We  here  communicate  them  in  brief. 

In  one  case,  Avhich  terminated  in  death  at  the  end  of  four 
years,  Cornil  and  Lepine  found  softening  of  the  lowest  division 
of  the  spinal  cord.  The  principal  change  was  in  the  gray  ante- 
rior horns,  consisting  of  chronic  inflammation,  thickening  of  the 
vessels,  an  abundance  of  fatt}^  granular  cells,  the  perivascular 
spaces  filled  with  blood,  disappearance  of  a  great  part  of  the  gan- 
lion-cells,  increase  of  the  cells  of  the  neuroglia.  In  the  cervical 
portion  there  was  a  sclerosis  of  the  antero-lateral  column  en- 
tirely surrounding  the  anterior  gray  horn,  and  being  limited 
farther  down  to  the  posterior  divisions  of  the  lateral  column 
(secondary  degeneration  ?).  The  anterior  roots  were  atrophied  ; 
in  the  muscles  the  usual  fatty  atrophic  changes  were  found. 

In  Webber' s  case,  which  had  lasted  eleven  months,  he  found 
degenerative  atrophy  of  the  muscles,  the  anterior  roots  in  a  high 
state  of  degeneration,  the  posterior  roots  but  very  slightly  degen- 
erated. In  the  gray  substance  there  was  here  and  there  an  exu- 
dation and  an  increase  of  nuclei  around  the  vessels  ;  disap2Dear- 
ance,  atrophy,  and  degeneration  of  the  large  ganglion-cells  in  the 
anterior  horns  ;  but  slight  changes  in  the  ganglia  of  Clarke's 
columns  and  of  the  posterior  horns  ;  in  the  white  columns  a 
part  of  the  nerve-fibres  were  degenerated,  the  neuroglia  hardly 
changed.  The  same  alterations  which  Webber  ascribes  to  a  pre- 
eminently parenchymatous  inflammation  were  found  to  extend 
as  far  up  as  into  the  medulla  oblongata. 

From  these  two  not  altogether  coinciding  reports,  this  much, 
at  least,  would  appear  evident :  that  even  if  the  lesion  is  not 
entirely  confined  to  the  gray  anterior  horns,  it  is  at  least  most 
pronounced  in  these  ;  and  that  what  here  especially  attracts  atten- 
tion, in  addition  to  the  chronic  inflammatory  changes,  is  the  degen- 
erative atrophy  of  the  large,  multipolar  ganglion-cells.  In  the 
anterior  roots  and  in  the  muscles  those  changes  are  to  be  found 
which  have  already  repeatedly  been  described  as  being  charac- 
teristic of  degenerative  atrophy  of  these  structures. 
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Pathology  of  Poliomyelitis  anterior  chronica. 

Symptoms. 

It  will  suffice  for  all  practical  purposes  to  give  a  somewliat 
minute  general  picture  of  this,  on  tlie  whole,  rare  affection.  A 
more  detailed  pathogenetic  discussion  of  its  symptoms  would 
bring  to  light  the  same  occurrences  as  constitute  the  principal 
manifestations  of  the  acute  form. 

The  disease  may  be  developed  with  very  varying  degrees  of 
rapidity ;  sometimes  in  a  more  subacute  manner,  developing  a 
widespread  paralysis  within  a  few  days  or  weeks,  but  generally 
pursuing  a  more  chronic,  insidious  course,  so  that  its  develop- 
ment may  extend  over  years. 

Accordingly,  light  indications  of  fever,  gastric  disturbances 
and  dyspeptic  manifestations,  headache,  and  the  like,  may  be 
present  or  may  be  wanting  at  the  beginning  of  the  disease.  On 
the  other  hand,  we  shall  rarely  fail  to  encounter  all  kinds  of 
parcBstJiesia  and  light  manifestations  of  sensory  irritation 
(drawing  and  shooting  pains  in  the  back  and  limbs,  backache, 
etc.)  among  the  precursors- of  the  disease.  It  is  also  common  to 
find  that  for  a  long  time  such  persons  have  suffered  from  great 
weariness  and  diminished  endurance  in  the  limbs. 

The  actual  beginning  of  the  disease  is  generally  marked  by  a 
distinct  motor  weaJcness  in  the  lower  extremities,  or  in  but  one 
of  these,  or  at  least  more  prominently  in  the  one.  This  weak- 
ness more  or  less  rapidly  grows  distinct ;  it  increases  in  the 
course  of  days  or  weeks  to  pronounced  -paresis^  so  that  the  pa- 
tient breaks  down  on  going  upstairs,  and  soon  finds  his  walks 
reduced  to  a  minimum,  or  is  confined  to  his  bed.  During  this 
entire  development  there  is  never  any  tremor,  never  any  ataxy  in 
the  limbs. 

On  examining  such  patients,  their  movements  are  found  to  be 
sluggish, awkward, weak, and  paretic;  the  movements  of  the  knee 
and  ankle-joint  are  usually  more  severely  interfered  with  than 
those  of  the  hip-joint.  Sooner  or  later  this  paresis  increases  to 
Qom^X^iQ paralysis  of  single  muscles  and  groups  of  muscles,  or 
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of  the  entire  extremity.  The  raj)idity  with  which  this  takes 
place  varies  exceedingly  in  different  cases ;  sometimes  it  occurs 
within  a  few  days,  sometimes  not  till  after  the  lapse  of  many 
months,  or  even  after  years.  Then  the  muscles  are  completely 
flaccid  and  soft,  the  limbs  easily  movable  in  all  directions ;  at 
first  there  is  no  sign  of  any  contracture. 

Very  soon  a  23i"ogressive  airopliy  in  ImlJc  takes  place  in  the 
paralyzed  muscles ;  the  calves  of  the  legs  turn  into  lax,  liabby 
sacks,  the  muscles  of  the  thigh  and  gluteal  region  grow  thin 
and  flaccid,  and  the  tape-measure  shows  a  diminution  in  the  vol- 
ume of  the  muscles  from  week  to  week.  This  atrophy  may 
advance  till  it  causes  a  skeleton-like  emaciation  of  the  limbs, 
amounting  to  almost  entire  disappearance  of  the  muscles.  In  its 
earlier  stages  it  is  generally  accompanied  with  more  or  less  fre- 
quent and  active  fibrillar  twitchings  of  the  muscles. 

The  feet  are  cold  and  easily  grow  cyanotic.  Sensibility  of  the 
slcin  is  usually  completely  intact  in  all  directions ;  it  is  but 
rarely  that  this  is  slightly  dulled  and  that  patients  comi^lain 
somewhat  of  insensibility  and  numbness. 

Reflex  action  in  the  paralyzed  muscles  is  coTrupletely  extin- 
guished;  neither  through  the  skin  nor  through  the  tendons  can 
the  slightest  reflex  twitching  be  produced. 

It  is  usually  not  long  before  the  affection  also  extends  to  the 
upper  extremities  ;  these  grow  awkward,  feeble,  heavy,  grad- 
ually paretic,  and  at  last  completely  paralyzed.  Here,  too,  the 
trouble  extends  more  prominently  or  earlier  to  individual  groups 
of  muscles ;  sometimes  the  extensor  group  of  the  forearm  is 
earlier  and  more  severely  paralyzed  than  the  rest,  sometimes  the 
flexors  and  the  little  muscles  of  the  hand  are  more  prominently 
affected.  In  general  the  fingers  and  hands  are  more  severely 
paralyzed  than  the  forearm  and  shoulder.  The  hands  assume  a 
correspondingly  characteristic  position,  the  arms  lie  lax  and  im- 
movable as  they  are  placed,  no  trace  of  any  contracture  being 
demonstrable. 

Reflex  action  is  completely  extinguished  in  the  paralyzed 
muscles.  Sensibility  in  the  upper  extremities,  too,  so  far  as  ob- 
jective examination  can  prove,  seems  to  be  entirely  normal,  or 
diminished  to  an  entirely  insignificant  degree.    Subjectively,  pa- 
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tients  sometimes  complain  of  numbness  in  tlie  fingers,  of  parses- 
tliesia  in  the  domain  of  the  ulnar  nerve,  etc. 

Here,  too,  rapidly  progressive  atroph}^  ensues,  uniformly  dis- 
tributed over  the  paralyzed  muscles,  which  may  lead  to  the 
highest  degrees  of  emaciation,  especially  in  the  hands  and  fore- 
arms. 

In  some  instances  the  muscles  of  the  back  and  abdomen  also 
share  in  the  paralysis  :  the  patients  can  no  longer  sit  up  ;  expira- 
tion, coughing,  sneezing,  defecation,  etc.,  are  rendered  difhcult. 

There  is  generally  an  entire  absence  of  any  disturbances  of  tJie 
Madder,  the  rectum,  or  the  genital  organs ;  the  functions  in 
question  are  carried  on  undisturbed  and  in  quite  a  normal  man- 
ner ;  the  exceptions  to  this  are  rare. 

The  nutrition  of  the  skin  does  not  suffer  in  the  least ;  no  bed- 
sores occur. 

The  vegetative  functions  are  also  all  of  them  normally  per- 
formed. The  appetite  and  digestion,  vrhich  may,  at  the  vv^orst, 
have  been  slightly  and  temporarily  impaired  at  first,  are  good  ; 
sleep  is  natural ;  the  general  nutrition  and  well-being  are  usually 
quite  undisturbed. 

No  symptoms  at  all  on  the  part  of  the  brain  or  the  cerebral 
nerves  appear,  at  least  during  the  earlier  stages  of  the  disease. 
The  initial  headache  ordinarily  soon  disappears. 

Examination  of  the  paralyzed  and  atrophied  muscles  by  elec- 
tricity gives  quite  the  same  results  as  in  acute  anterior  poliomy- 
elitis, only  modified  to  a  slight  degree  to  correspond  with  the 
much  slower  development  of  the  malad}'". 

Here,  too,  Duchenne  showed  a  diminution  of  faradic  excita- 
bility occurring  from  the  beginning,  and  advancing  more  or  less 
rapidly  to  complete  loss  of  the  same. 

Here,  too,  according  to  my  own  experience  and  that  of  others 
(Bernhardt),  this  is  nothing  more  than  one  of  the  manifestations 
of  the  reaction  of  degeneration.  I  have  been  able  to  prove  this 
electrical  disturbance  in  all  the  more  recent  cases  that  have  come 
under  my  notice  (five  in  all),  and  indeed  in  its  most  pronounced 
form.  The  motor  nerves  were  entirely  unexcitable  to  both  the 
faradic  and  the  galvanic  current;  the  muscles  did  not  respond 
to  faradization,  their  galvanic  excitability  being  retained,  and 
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during  tlie  first  weeks  and  montlis  of  the  disease  being  slightly 
heightened  (see  the  case  reported  below),  afterwards  more  or  less 
diminished,  but  always  changed  in  quality  (AnSZ>KaSZ  ;  twitch- 
ing sluggish,  tonic) ;  their  mechanical  irritability  was  at  first 
heightened. 

At  the  stage  in  which  we  generally  first  see  these  cases,  gal- 
vanic excitability  is  generally  already  much  lowered,  but  usually 
still  permits  of  the  very  distinct  recognition  of  the  qualitative 
anomaly.  With  the  cure  of  the  disease  the  electrical  excitability 
returns  but  very  slowly  and  gradually  to  its  normal  standard. 

We  have  now  become  familiar  -with  the  occuiTence  of  the  "reaction  of  degen- 
eration" in  various  diseases  of  the  spinal  cord,  and  it  would  seem  to  be  time  that 
we  should  enter  briefly  upon  the  relations  of  the  same,  in  order  to  throw  some 
light  upon  its  diagnostic  significance  and  to  indicate  the  important  points  in  gen- 
eral pathology  which  result  from  the  connection  of  this  with  other  already  recog- 
nized facts. 

We  have  found  that  the  reaction  of  degeneration  appears  in  its  full  develop- 
ment in  acute  anterior  poliomyelitis  in  the  form  of  complete  loss  of  faradic  and 
galvanic  excitability  of  the  motor  nerves,  loss  of  faradic  excitability  of  the  mus- 
cles, but  heightening  and  qualitative  changes  in  the  galvanic  excitability  of  the 
muscles.  We  have,  therefore,  in  this  form  of  disease,  com23lete  paralysis,  a  high 
grade  of  atrophy,  the  motor  nerves  and  muscles  involved  in  degenerative  atrophy. 

Quite  the  same  thing  is  found — only  somewhat  milder  in  degree,  corresponding 
to  its  more  chronic  course — in  chronic  anterior  poliomyelitis :  the  complete  reaction 
of  degensration,  the  electrical  excitability  of  the  nerves  entirely  abolished,  etc. ; 
here,  thei-efore,  likewise  entirely  the  same  condition,  viz.,  paralysis,  atrophy,  the 
motor  nerves  and  muscles  degenerated. 

Quite  a  different  state  of  things  exists  in  amyotroiMc  lateral  sclerosis.  A  case 
which  I  accurately  examined  of  late  showed,  in  the  upper  extremities,  the  faradic 
and  galvanic  excitability  of  the  motor  nerves  entirely  preserved  (at  all  events  not 
materially  diminished)  ;  in  the  muscles  an  elevation  and  qualitative  change  of  gal- 
vanic excitability  (reaction  of  degeneration)  on  direct  irritation,  wliile  on  indirect 
irritation  the  muscles  reacted  normally  (twitching  like  lightning,  KaSZ>AnSZ) ; 
the  muscles  also  responded  to  the  faradic  current.'  At  the  same  time  there 
was  a  high  degree  of  atrophy  and  complete  paralysis  of  the  muscles.  Here  we 
therefore  found  paralysis,  atrophy,  the  motoi-  nerves  not  degenerated,  the  muscles 
degenerated. 

In  jirogressive  muscular  atrophy  (typical  form)  it  is  somewhat  different  again. 

'  The  same  condition,  therefore,  exists  which  is  characteristic  of  the  so-called  middle 
form  of  facial  paralysis  and  some  other  peripheral  forms  of  paralysis.  Compare  this 
Cyclopeedia,  Vol,  XI. 
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In  a  part  of  the  muscles  attacked,  the  excitability,  through  the  nerve,  is  preserved 
or  appears  to  be  simply  lowered ;  in  the  muscles  themselves  faradic  excitability  is 
preserved,  but  galvanic  excitability  is  preserved  with  the  characteristics  of  the 
reaction  of  inflammation  (though  generally  with  already  very  much  lowered  excita- 
bility). In  another  portion  of  the  muscles — in  those  that  are  very  highly  atrophied — 
faradic  excitability  is  abolished,  the  nerve  is  entirely  unexcitable,  and  the  muscle 
reacts  only  on  a  very  heavy  galvanic  current  with  sluggish  twitching,  AnSZ>KaSZ. 
In  those  muscles,  however,  which  are  but  slightly  affected  and  which  were  attacked 
at  the  beginning,  electrical  excitability  appears  still  to  be  quite  normal  on  direct 
and  indirect  irritation.  At  least  so  I  have  found  it,  since  paying  attention  thereto, 
in  all  the  cases  carefully  examined  by  me.  If  Bernhardt  (1.  c.)  recently  doubts  the 
occurrence  of  the  reaction  of  degeneration,  this  is  to  be  excused  on  the  ground  that, 
in  progressive  muscular  atrophy,  at  all  events,  the  reaction  of  degeneration  is  very 
hard  to  demonstrate,  and  may  easily  be  overlooked  in  a  not  very  careful  search. 
There  are  various  reasons  for  this.  One  is  the  very  slow  development  of  the  disease, 
so  that  the  characteristic  increase  of  excitability  subsides  and  the  qualitative  changes 
alone  remain ;  another  is  the  preservation  of  the  excitability  of  the  nerves,  so  that 
the  normal  neuro-muscular  twitchings  mark  the  qualitative  alterations.  A  still 
stronger  reason,  however,  is  the  fact  that  the  degeneration  of  the  fibres  within  a 
muscle  takes  place  in  a  scattered  manner;  among  the  degenerated  fibres  there  still 
always  remain  a  certain  number  of  healthy  and  still  excitable  fibres,  which  respond 
to  irritation,  and  thus  mark  the  existence  of  the  reaction  of  degeneration.  The 
more  slowly  the  process  advances,  the  lower  sinks  the  excitability  of  the  degenerat- 
ing fibres,  and  the  increasing  strength  of  the  current  required  to  produce  an  effect 
may  for  a  long  time  compensate  for  the  numerical  diminution  of  healthy  fibres;  so 
that  the  relation  of  things  long  remains  obscure.  It  will,  therefore,  only  be  possible 
to  demonstrate  the  reaction  of  degeneration  in  its  earlier  stages  in  those  moiscles 
which  degenerate  pretty  rapidly,  and  in  which  larger  numbers  of  degenerated  fibres 
are  to  be  found;  the  later  stages  of  this  reaction  (with  great  diminution  of  galvanic 
excitability)  can  only  be  shown  in  those  muscles  which  have  already  attained  a 
higli  grade  of  degeneration.  Tliis  naturally  varies  in  each  individual  case.  Con- 
sequently, the  reaction  of  degeneration  can  always  only  be  demonstrated  in  single 
muscles,  sometimes  more  and  sometimes  less  distinctly.  I  have  thus  far  always 
found  it  in  this  way. 

In  progressive  muscular  atrophy,  therefore,  the  reaction  of  degeneration  exists 
with  retained  excitability  of  the  motor  tracts  (at  least  for  a  long  time) ;  but,  in 
contrast  to  amyotrophic  lateral  sclerosis,  no  paralysis  here  exists  until  the  muscles 
are  almost  entirely  degenerated.  Here,  therefore,  the  manifestations  are  grouped 
as  follows :  no  paralysis,  but  atrophy ;  the  motor  fibres  not  degenerated,  the  mus- 
cles degenerated. 

I  recently  found  quite  an  analogous  state  of  things  in  a  well-pronounced  case  of 
hulbar  paralysis.    In  the  muscles  of  the  chin  and  lips,  and  even  of  the  tongue,  the 
excitability  of  the  nerves  was  found  retained  and  ahnost  normal ;  in  the  muscles 
themselves,  however,  the  well-marked  reaction  of  degeneration  on  direct  irritation. 
VOL.  XIII. -40 
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I  had  expected  this  condition  on  account  of  the  analogy  of  the  disease  -with  pro- 
gressive muscular  atrophy. 

Quite  similar  variations  are  also  to  be  met  with  in  other  forms  of  paralysis. 
Among  these  may  be  mentioned  the  occurrence  of  the  well-marked  reaction  of 
degeneration  in  severe  peripheral  traumatic  and  rheumatic  paralysis  ;  the  occurrence 
of  the  "middle  form"  in  slight  rheumatic  and  traumatic  paralysis  (of  the  facial, 
radial,  etc. ') ;  finally,  the  extraordinary  fact,  in  a  case  of  lead- poisoning  made 
known  by  me,'  where  the  reaction  of  degeneration  was  present  in  a  muscle  that  was 
not  paralyzed,  whereas  ordinarily  in  lead-poisoning  the  muscles  act  just  as  in  chro- 
nic anterior  poliomyelitis. 

It  is  difficult  to  form  a  plausible  conception  of  the  course  and  connection  of  the 
Tarious  trophic  and  motor  tracts  which  might,  even  to  some  degree,  enable  us  to 
comprehend  these  various  facts.  Some  of  the  conclusions  to  be  drawn  from  the 
facts  briefly  collected  in  what  has  been  said  above  may  even  now  be  indicated. 

If  it  had  needed  any  confirmation,  all  the  facts  would  have  unanimously  con- 
firmed the  doctrine  that  the  occurrence  of  the  reaction  of  degeneration  is  always 
and  everywhere  associated  with  the  existence  of  certain  histological  alterations  in 
nerves  and  muscles  which  we  comprehend  under  the  name  of  degenerative  atrophy.* 

But  it  would  furthermore  also  appear  that  the  motor  tracts,  within  the  central  or- 
gan, to  some  degree  run  their  course  separately  from  the  trophic  apparatuses  and  tracts, 
as  there  are  central  paralyses  with  atrophy  (poliomyelitis  anterior)  and  without  atro- 
phy (spastic  spinal  paralysis),  and  likewise  central  atrophies  which  exist  for  a  long 
time  without  actual  paralysis  (bulbar  paralysis,  progressive  muscular  atrophy). 

We  can,  furthermore,  hardly  escape  the  conclusion  that  the  trophic  influences 
for  motor  nerves  are  somehow  separated  in  space  from  those  for  the  muscles  ;  that, 
accordingly,  different  trophic  central  apparatuses  and  tracts  may  perhaps  exist  for  the 
nerves  and  the  muscles.  This  appears  from  the  fact  that  the  muscles  may  degenerate 
alone,  without  the  nerves  taking  part  in  the  degeneration.  (So  in  amyotrophic 
lateral  sclerosis,  in  bulbar  paralysis,  in  progressive  muscular  atrophy,  in  the  middle 
form  of  paralysis  of  the  facial  and  radial  nerves,  in  the  case  of  lead-poisoning 
described  by  me.)  At  all  events,  therefore,  these  tracts  cannot  be  completely 
identical ;  they  must  present  some  difEerences  in  their  localization,  or  perhaps  only 
in  their  resistance  to  influences  that  cause  disease. 

We  can,  even  though  it  may  be  with  some  difficulty,  form  a  hypothetical  idea 
of  the  existence  and  position  of  the  various  apparatuses  and  tracts  belonging  here, 
within  the  central  organ  as  well  as  in  the  peripheral  nerves,  whereby  we  might 
explain  the  above-mentioned  differences  in  the  different  forms  of  disease.  All  the 
facts  go  to  show  that  these  apparatuses  lie  principally  in  the  gray  substance  of  the 
anterior  horns.    But  our  anatomy  will  not  so  soon  show  us  how  these  are  arranged 

'  Compare  the  appropriate  sections  in  Vol.  XI.  of  this  Cyclopajdia. 
'  Erb,  Ein  Fall  von  Bleilahmung.  Arch.  f.  Psych,  u.  Nervenkrankh.  Bd.  V.  p.  445. 
1875. 

»  This  Cyclopasdia,  Vol.  XI. 
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and  distributed  there.  We  may,  therefore,  be  permitted,  with  all  due  reservations, 
to  draw  a  hypothetical  diagram  of  this  arrangement,  according  to  the  postulate 
which  virtually  results  from  the  facts  above  communicated. 

In  the  accompanying  Fig.  17,  let  a  be  the  motor  conduction  from  the  brain, 
which  undoubtedly  lies  in  the  lateral  column ;  let  this  continue  through  the  gangli- 


— a 


Fia.  17.  Diagram  of  the  arrangement  and  connection  of  motor  and  trophio  centrei  and  tracti  in  the  spinal 

cord  and  in  the  peripheral  motor  nervea. 

onic  point  d  (multipolar  ganglion-cell?),  into  which  the  reflex  tract,  i,  coming  from 
tlie  sensitive  sphere,  opens  through  the  anterior  roots  and  the  peripheral  nerves 
(a — d — a')  to  the  muscle  m.  Let  h  be  the  trophic  central  apparatus  for  the  mus- 
cles ;  the  tract  h — 1/  represents  the  trophic  conduction  tract  emanating  from  this 
apparatus  and  somewhere  (probably  at  d)  uniting  with  the  motor  tract.    Let  o  be 
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the  trophic  central  apparatus  for  the  motor  nerves  (which  possibly  coincides  with 
d)  and  c — c'  the  tract  which  conducts  its  trophic  influences  to  the  motor  fibres. 

With  this  diagram,  the  special  arrangement  of  which  within  the  spinal  cord  is  of 
couree  unknown — and  indeed,  for  the  present,  a  matter  of  entire  indifference — ofie 
can  form  quite  a  clear  idea  of  the  origin  of  the  diflEercnt  forms  of  disease,  provided, 
at  tlie  same  time,  he  has  due  reference  to  the  phenomena  of  reflex  action. 

If  the  tract  a  alone  is  interrupted  by  disease,  wc  have  simple  paralysis  without 
any  degenerative  atrophy,  and  without  the  reaction  of  degeneration — simple  lateral 
sclerosis. 

If  a  and  the  centre  J  are  simultaneously  diseased,  then  there  is  paralysis  with 
atrophy  of  the  muscles,  and  the  reaction  of  degeneration  in  the  muscles,  but  no 
change  of  the  motor  nerves,  whose  electrical  excitability  is  retained — amyotrophic 
lateral  sclerosis. 

If  the  centre  h  alone  is  diseased,  there  is  atrophy  of  the  muscles,  at  first  without 
paralysis  and  without  degenerative  atrophy  of  the  motor  nerves,  reflex  action  being 
retained — bulbar  paralysis  and  progressive  muscular  atroj)hy. 

If  b,  c,  and  d  are  simultaneously  diseased  (or,  if  we  suppose  that  all  the  tracts 
pass  through  d,  then  on  disease  of  d  alone),  there  is  paralysis  with  degenerative 
atrophy,  and  the  reaction  of  degeneration  in  nerves  and  muscles  and  loss  of  reflex 
action — acute  and  chronic  poliomyelitis  anterior. 

If  we  imagine  6,  c,  and  d  to  represent  the  different  ganglion-cells  of  the  gray 
anterior  horns,  and  the  diagrammatic  conduction  tracts  to  represent  the  different 
connections  of  the  same  among  one  another,  with  the  lateral  columns  and  the 
anterior  roots,  then  we  shall  readily  see  that  this  diagram  to  a  great  degree  harmo- 
nizes with  the  recently  accepted  views  concerning  the  forms  of  disease  which  here 
occupy  us.  Even  the  view  adopted  by  Duchenne  and  Joffroy,  by  Hammond  and 
others,  that  there  are  separate  motor  and  trophic  cells,  has  found  representation  in 
the  diagram. 

But  this  diagram  also  furnishes  points  towards  the  elucidation  of  the  different 
forms  of  peripheral  paralysis.  If  the  conduction  d,  a'  alone  is  disturbed,  simple 
paralysis,  without  degeneration  and  the  reaction  of  degeneration,  will  exist  (the 
light  form  of  rheumatic  paralysis  of  the  facial) ;  if  d,  a'  and  b,  b'  are  simultaneously 
disturbed,  then  paralysis  with  the  reaction  of  degeneration  in  the  muscles,  but  not 
in  the  motor-nerves  (the  middle  form  of  rheumatic  paralysis  of  the  facial) ;  finally, 
if  in  addition  to  d,  a'  and  b,  b',  c,  c'  is  also  paralyzed,  then  there  is  paralysis  with 
the  reaction  of  degeneration  in  the  nerves  and  muscles  (severe  form  of  facial 
paralysis '). 

But,  aside  from  these  more  theoretical,  and,  as  yet,  entirely  hypothetical  sides  of 
the  question,  accurate  electrical  examination  also  has  its  diagnostic  importance  in 
such  forms  of  disease.  So  far  as  one  can  judge,  up  to  the  present  time,  with  the 
very  scanty  material  thus  far  on  hand,  some  not  unimportant  diagnostic  facts  would 
seem  to  come  to  light. 


■  Compare  my  Essay,  cited  above — A  Case  of  Lead-Poisoning.  L.  c.  p.  455. 
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"Well-marked,  complete  reaction  of  degeneration,  with  loss  of  the  excitability  of 
the  motor-nerves  and  with  elevation,  or,  at  least,  without  any  great  degree  of 
diminution  of  the  galvanic  excitability  of  the  muscles,  is  evidence  in  favor  of 
poliomyelitis  anterior,  both  of  tlie  acute  and  chronic  form.  It  is  always  accom- 
panied witli  paralysis,  disappearance  of  reflex  action,  and  a  higli  degree  of  atrophy. 

The  middle  form  of  the  reaction  of  degeneration,  without  any  material  disturb- 
ance of  the  excitability  of  the  motor-nerves,  and  with  well-marked  elevation,  or,  at 
least,  without  any  material  diminution  of  tlie  galvanic  excitability  of  the  muscles, 
speaks  in  favor  of  amyotrophic  lateral  sclerosis ;  this  is  always  accomiianied  with 
paralysis  and  atrophy,  but  reflex  action  may  be  preserved. 

The  middle  form  of  the  reaction  of  degeneration,  but  with  a  greater  or  less 
degree  of  diminution  of  galvanic  excitability  of  the  muscles,  which  is  hard  to 
demonstrate  and  can  only  be  shown  in  single  muscles  and  groups  of  muscles,  speaks 
in  favor  of  progressive  mvscular  atrophy  (and  bulbar  paralysis).  There  is  then  no 
complete  paralysis,  non-uniform  atrophy,  while  reflex  action  may  be  retained.  It  is 
true  that  the  later  stages  of  the  disease,  such  as  are  so  often  found  in  the  little  mus- 
cles of  the  hand,  canuot  easily  be  distinguished  by  electrical  examination  alone 
from  similar  changes  caused  by  poliomyelitis  anterior  or  amyotrophic  lateral 
sclerosis  (nor  from  peripheral  paralysis,  lead  paralysis,  etc.),  but  then  the  diagnosis 
can  usually  be  made  from  the  other  manifestations,  and  from  the  development  and 
course  of  the  disease. 

At  all  events,  it  seems  wortli  the  while  to  pay  further  attention  to  these  relations, 
as  they  are  not  only  of  diagnostic  importance,  but  promise  to  throw  light  upon  cer- 
tain difficult  problems  in  the  physiology  of  the  spinal  cord  which  cannot  easily  be 
approached  in  other  ways.  To  be  sure,  these  examinations  demand  great  practice, 
patience  and  technical  knowledge,  and  I  cannet  too  urgently  recommend  the 
greatest  care  in  conducting  test  examinations.  I  can  guarantee  the  facts  discovered 
and  communicated  by  me,  but  they  urgently  require  to  be  extended  and  conlirmed 
in  numerous  new  observations. 

The  further  course  of  chronic  poliomyelitis  anterior,  after  it 
has  been  developed  to  the  point  above  described,  may  shape 
itself  in  various  ways. 

In  the  majority  of  instances  the  disease  now  remains  station- 
ary for  some  time.  The  paralysis  increases  no  more,  the  weak- 
ness or  impossibility  of  movement  remains  about  the  same  ;  but 
the  muscular  atrophy  does  still  advance.  Now,  too,  moderate 
paralytic  contractures  may  be  developed,  chiefly  caused  by  the 
mechanical  approximation  of  the  points  of  attachment  of  the 
muscles.    No  other  new  disturbances  arise. 

After  a  while— a  couple  of  weeks  or  months— very  gradual 
im'promment  sets  in,  generally  first  in  the  upper  extremities ; 
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single  movements  first  return,  others  again  grow  more  distinct 
and  stronger,  and  thus  the  improvement  gradually  advances, 
while  the  galvanic  excitability  of  the  muscles  sinks  more  and 
more,  and  slowly  gives  place  to  the  normal  conditions  of  excita- 
bility, the  contractures  disappearing  again  little  by  little. 

But  the  improvement  is  slow ;  it  is  only  after  the  lapse  of 
months  that  the  patients  can  again  eat,  write,  and  use  their  hands 
for  all  kinds  of  manipulations. 

Then  the  lower  extremities  have  their  turn ;  first  the  move- 
ments of  the  hip-joint  become  freer  and  more  powerful,  then 
those  of  the  knee,  and  not  till  quite  late  those  of  the  foot  and  toes. 
The  course  of  things  with  reference  to  electrical  excitability  and 
the  contractures  is  precisely  the  same  as  in  the  upper  extremities. 

The  question  of  how  far  this  improvement  goes  varies  some- 
what in  individual  cases.  Not  infrequently  it  advances  to  com- 
plete  recovery,  so  that  mobility  is  quite  restored,  the  nutrition  of 
the  muscles  again  becomes  normal,  and  patients  regain  all  their 
former  capabilities.  This  may,  however,  require  many  months 
and  even  years. 

Incomplete  recovery,  however,  is  far  more  frequent.  A  part 
of  the  muscles  (especially  those  in  the  domain  of  the  peroneal 
nerve)  remain  paralyzed  and  atrophic,  and  patients  retain  the 
defect  thus  induced  for  life. 

In  a  minority  of  instances  the  malady  advances  further  and 
further  upwards  ;  finally,  disturbances  of  respiration  set  in,  signs 
of  asphyxia,  various  bulbar  symptoms,  paralysis  in  the  domain 
of  the  facial  nerve,  of  the  tongue,  of  swallowing,  etc.,  and  these 
manifestations  gradually  lead  to  death.  Sometimes  this  like- 
wise follows,  without  any  further  complications,  through  simple 
exhaustion. 

The  duration  of  the  disease  is,  accordingly,  in  most  cases, 
comparatively  long  ;  at  best  it  is  a  question  of  months,  generally 
of  years.  The  progressive  cases  terminate  fatally  in  fi'om  one  to 
four  years. 

In  view  of  the  small  number  of  observations  thus  far  at  our 
command,  I  may  be  permitted  to  communicate  a  brief  outline  of 
the  following  case,  of  a  rather  subacute  form,  recently  observed 
by  me. 
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Mr.  A.  G.,  forty-two  years  of  age,  was  always  of  robust  constitution  and  health, 
and  has  exposed  himself  with  impunity  to  many  injurious  influences  (heat,  draughts, 
travels,  the  free  use  of  alcoholic  drink).  For  a  year  past  he  has  often  complained 
of  unusual  weariness. 

His  illness  began  at  the  end  of  July,  1876,  with  general  weahneas,  headache, 
sliglit  dyspeptic  symptoms,  etc.  The  patient  still  went  about,  notwithstanding 
increasing  weakness  of  the  legs,  until  the  22d  of  August,  when,  his  legs  giving  way, 
he  fell  down-stairs.  From  this  time  on  he  was  bed-fast.  The  only  subjective  trou- 
bles complained  of  were  some  shooting  and  piercing  pains  in  the  legs,  with  transitory 
formication. 

At  the  end  of  September  similar  weakness  in  the  hands  set  in,  so  that  the  patient 
could  neither  write,  feed  himself,  nor  do  anytliing  else  with  his  hands.  He  never 
bad  the  sensation  of  a  tight  band  about  his  body.  Tlie  functions  of  the  bladder  and 
rectumxcere  entirely  undisturbed.    His  general  condition  of  late  had  been  quite  good. 

Condition  on  examination,  the  6th  of  October. — There  was  a  high  degree  of  pare- 
sis and  partial  paralysis  of  the  lower  extremities.  Movements  of  the  ankle-joint  and 
toes  were  quite  impossible,  of  the  knee-  and  hip-joint  quite  difficult. 

Sitting  up  in  bed  was  very  difficult.  The  upper  extremities  were  also  to  a  high 
degree  paretic,  especially  the  hand  and  forearm.  The  grasp  of  his  hand  could 
scarcely  be  felt;  the  extensors  were  completely  paralyzed.  The  power  of  the  mus- 
cles of  the  upper  arm  was  materially  lowered,  that  of  the  muscles  of  the  shoulder 
least  so. 

The  mobility  of  the  muscles  of  the  neck  and  face,  of  mastication,  deglutition, 
and  of  the  eyes  was  completely  intact. 

The  sensibility  of  the  skin  in  the  feet  and  legs  was  somewhat,  although  but  very 
slightly,  dulled  ;  from  the  thigh  upward,  as  well  as  in  the  upper  extremities,  it  was 
entirely  normal,  excepting  a  subjective  sensation  of  numbness  in  the  tips  of  the 
fingers. 

Refiex  action — of  skin  and  tendons — in  the  lower  extremities  was  completely 
abolislied. 

The  muscles,  which  were  very  lax  and  flabby,  were  already  considerably  atrophied 
in  all  four  extremities.  The  bladder  and  rectum  acted  normally.  No  bed-sores. 
Appetite  and  digestion  regular.    Sleep  good.    Head  free. 

Faradic  excitability  in  the  paralyzed  muscles  and  the  nerves  belonging  to  them 
was  greatly  lowered,  in  part  entirely  abolished. 

The  galvanic  excitability  of  the  nerves  of  the  lower  extremities  was  completely 
extinguished  ;  in  the  muscles,  on  the  contrary,  it  was  raised  and  changed  in  qtiality 
(twitching,  sluggish,  AnSZ>KaSZ) ;  so  at  least  in  the  domain  of  the  peroneal  and 
tibial  nerves.  In  the  domain  of  the  crural  nerve,  diminution  of  the  galvanic  excita- 
bility could  already  be  demonstrated  Avith  a  continuation  of  the  qualitative  change. 
In  the  upper  extremities  tlie  well-marked  reaction  of  degeneration  existed  only  in 
the  extensors  of  the  forearm  and  in  the  interossei  muscles. 

The  mechanical  excitability  of  a  portion  of  the  atrophied  muscles  was  distinctly 
heightened. 
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The  treatment  consisted  of  the  use  of  dry  cups  along  the  spine  every  couple  of 
days,  Priessnitz's  cold-water  compresses  to  the  buck,  and  iodide  of  potassium. 

His  condition  very  soon  began  to  improve.  At  the  heginniiig  of  November  this 
was  distinctly  perceptible  in  all  the  extremities,  even  though  but  to  a  very  slight 
degree. 

At  the  beginning  of  December  the  patient  was  able  to  sit  in  a  chair,  and  to  move 
his  arms  and  legs  much  more  freely.  In  the  upper  extremities  the  domain  of  the 
radial  nerve  was  still  completely  paralyzed ;  a  slight  contracture  of  the  flexors  of 
the  hand  and  of  the  fingers  had  set  in.  Movements  of  the  elbow-  and  shoulder- 
joint  were  now  perfectly  free  and  strong. 

In  the  lower  extremities  there  was  still  entire  paralysis  of  the  foot  and  the  toes. 
Extension  of  the  knee-joint  feeble;  lifting  of  the  leg  possible  ;  a  slight  contracture 
of  the  flexors  of  the  leg. 

Sensibility  and  the  state  of  the  bladder  were  normal.  The  paralyzed  muscles 
still  showed  the  reaction  of  degeneration. 

He  was  now  ordered  galvanic  treatment  to  the  back  and  extremities. 

His  condition  now  steadily  improved.  At  the  beginning  of  February,  1877,  the 
mobility  in  the  extensor  region  of  the  forearm  was  pretty  well  restored ;  the  con- 
tracture of  the  flexors  had  almost  entirely  disappeared ;  the  hands  had  greatly 
gained  in  strength,  the  patient  could  again  feed  himself. 

The  mobility  of  the  muscles  of  the  thigh  was  materially  improved ;  the  muscles 
of  the  legs  were  still  completely  paralyzed.    The  atrophy  was  somewhat  less. 

Electrical  examination  still  showed  the  full  reaction  of  degeneration,  althougli 
now  with  distinctly  diminished  galvanic  excitability. 

Middle  of  March,  1877. — The  mobility  of  the  upper  extremities  was  now  almost 
entirely  normal;  the  first  signs  of  movement  in  the  joints  of  the  feet  now  began  to 
appear ;  the  general  condition  very  good. 

Middle  of  April,  1877. — Continued  improvement.  Movement  of  the  feet  and 
toes  is  becoming  more  distinct  and  extensive,  although  but  very  gradually.  The 
patient  is  now  able  to  stand  somewhat,  and,  if  well  supported,  to  move  a  few  steps. 
The  upper  extremities  are  now  almost  entirely  normal. 

Diagnosis. 

The  picture  of  the  disease  in  subacute  and  chronic  poliomye- 
litis anterior  has  so  much  that  is  characteristic  about  it,  that  in 
cases  which  are  at  all  well-marked  it  can  very  easily  be  recog- 
nized. Especial  significance  is  to  be  attached  to  the  tout  ensevible 
of  the  disease  and  the  successive  development  and  consecution  of 
the  symptoms.  This  disease  can  generally  be  easily  distinguished 
from  all  similar  and  kindred  affections,  notwithstanding  the  great 
similarity  that  frequently  exists  between  them,  by  the  lassitude, 
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weakness,  paresis,  and  finally  paralysis,  occurring  at  first  in  the 
lower  and  then  in  the  upper  extremities,  the  muscles  being  lax, 
without  tension  or  contracture  ;  by  the  progressive  atrophy  with 
the  reaction  of  degeneration  ;  by  the  failure  of  reflex  action  ;  by 
the  absence  of  any  disturbances  of  sensibility  and  of  the  bladder, 
as  well  as  of  any  tendency  to  the  formation  of  bed-sores  ;  by  its 
slowly  progressive  course  and  its  usually  favorable  termination. 

The  differential  diagnosis  between  this  and  acute  anterior 
poliomyelitis  can  only  come  in  question  when  it  refers  to  the 
sequels  of  the  latter  affection.  The  existence  of  the  latter  is  de- 
termined, however,  by  the  fact  of  its  extremely  acute  beginning, 
which  at  once  causes  the  highest  degree  of  paralysis.  The 
subacute  form  has  a  decidedly  progressive  course :  it  extends 
more  or  less  rapidly  upward,  the  paralysis  increases  for  a  time, 
the  disease  may  at  last  terminate  fatally,  or  it  may  run  a  similar 
progressive  course  towards  recovery.  In  both  respects  there 
seems  to  me  to  be  such  an  essential  difference  between  the  acute 
and  chronic  forms  that  it  appears  to  me  doubtful  whether  the 
two  actually  represent  the  same  process  of  disease  developed 
with  different  degrees  of  acuteness. 

Progressive  muscular  atrophy  has  very  often  been  confound- 
ed with  chronic  anterior  poliomyelitis.  Notwithstanding  all  the 
resemblance  which  the  two  forms  of  disease  may  bear  to  one 
another  in  certain  stages,  they  may  easily  be  distinguished  by 
the  following  characteristics  :  in  chronic  poliomyelitis  there  is 
first  paralysis  and  afterwards  atrophy  ;  in  progressive  muscular 
atrophy  the  paralysis  becomes  associated  with  atrophy  which 
has  already  long  existed  ;  in  the  former  there  is  atrophy  in  the 
bulk  of  the  muscles,  in  the  latter  only  partial  atrophy  of  the 
same ;  in  the  former  the  well-marked  reaction  of  degeneration 
can  be  demonstrated  as  well  as  the  failure  of  reflex  action ;  in 
the  latter,  if  there  is  any  reaction  of  degeneration  it  is  only  the 
middle  form,  and  reflex  action  is  retained  ;  the  former  runs  its 
course  comparatively  fast  and  generally  favorably,  the  latter 
very  slowly  and  always  unfavorably. 

The  distinction  between  this  disease  and  aviyotropMc  lateral 
sclerosis  is  still  more  easy.  The  latter,  it  is  true,  resembles 
chronic  poliomyelitis  in  the  paralysis  and  atrophy  in  bulk  of  the 
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upper  extremities,  but  in  the  lower  extremities  it  shows  paralysis 
without  atrophy,  with  tension  of  tlie  muscles  and  contractures, 
with  increase  of  the  reflex  action  of  tendons,  etc.  Perhaps  ex- 
amination by  electricity  may  also  contribute  something  towards 
the  determination  of  this  question,  if  the  fact  should  be  further 
confirmed  that  in  amyotrophic  lateral  sclerosis  only  the  middle 
form  of  the  reaction  of  degeneration  occurs. 

With  regard  to  the  distinction  between  this  and  the  slower 
forms  of  Paralysis  ascendens  acuta,  see  the  following  section. 

Chronic  anterior  poliomyelitis  will  be  capable  of  being  easily 
distinguished  from  all  other  forms  of  chronic  spinal  disease, 
from  transverse  chronic  myelitis,  multiple  sclerosis,  tabes  dor- 
salis,  spastic  spinal  paralysis,  etc.,  if  proper  regard  is  paid  to 
the  condition  of  sensibility,  of  the  bladder,  of  the  nutrition  of  the 
skin,  of  reflex  action,  of  electrical  excitability,  etc.,  quite  irre- 
spective of  the  other  peculiarities  of  these  various  forms  of 
disease. 

In  the  well-marked  and  more  diffuse  forms,  therefore,  the 
disease  is  easy  to  recognize.  But  it  is  a  question  which  can  only 
be  determined  by  further  successful  investigations,  whether  an- 
other series  of  more  partial  forms  of  paralysis  and  atrophy  of 
the  extremities  do  not  belong  in  the  same  category.  It  already 
seems  probable  that  this  is,  to  a  certain  degree,  the  case  in  so- 
called  lead-paralysis. 

But  I  would  also  raise  the  question  with  regard  to  quite  simi- 
lar conditions  of  disease  which  have  arisen  spontaneously,  viz., 
with  regard  to  partial  paralysis  with  atrophy  and  the  reaction  of 
degeneration  without  disturbances  of  sensibility  in  the  extremi- 
ties ;  with  regard  to  a  good  many  cases  which  are  cited  in  papers 
on  progressive  muscular  atrophy,  but  which  absolutely  have  not 
been  progressive  ;  whether  all  these  do  not  owe  their  origin  to  a 
quite  circumscribed  chronic  anterior  poliomyelitis.  Of  course 
this  question  can  only  be  solved  by  accurate  clinical  observa- 
tions, made  with  this  object  in  view,  and  finally  settled  only  by 
pathologico-anatomical  investigation.  I  therefore  recommend  it 
as  worthy  of  further  attention. 
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Prognosis. 

The  prognosis  of  this  disease  is  never  to  be  treated  lightly ; 
life  may  very  easily  be  endangered,  Vi^hich  never  seems  to  be  the 
case  in  the  acute  form. 

At  the  same  time  the  prognosis  is  comparatively  favorable,  as 
in  the  majority  of  cases  recovery  follows,  and  at  all  events  the 
improvement,  as  a  rule,  goes  much  farther  than  in  the  acute 
form.  At  the  same  time  patients  must  make  up  their  minds  to 
a  comparatively  long  duration  of  the  disease,  extending  perhaps 
over  several  years. 

The  prognosis  is  bad  only  in  that  form  of  the  disease  which 
advances  upward  with  comparative  rapidity.  Whenever  diffi- 
culty of  breathing  and  of  swallowing,  labored  action  of  the 
tongue,  etc.,  set  in,  a  fatal  termination  is  at  least  very  probable. 

The  more  partial  forms  are  never  dangerous  to  life,  but  may 
lead  to  permanent  disappearance  of  the  muscles  and  correspond- 
ing defects  of  motion. 

Therapeutics, 

In  view  of  the  small  number  of  observations  as  yet  made, 
there  is,  of  course,  no  question  of  any  established,  independent 
treatment  of  the  disease. 

In  general,  those  principles  are  applicable  which  we  have  laid 
down  elsewhere  for  the  treatment  of  subacute  and  chronic  myeli- 
tis generally.  Therefore,  at  the  beginning  of  the  disease,  we  may 
employ  abstractions  of  blood,  derivatives  of  all  sorts,  hydro- 
pathic applications  to  the  back,  iodide  of  potassium,  ergot,  etc. 

Undoubtedly  at  a  later  period  the  most  that  can  be  expected 
is  from  the  galvanic  current.  It  must  be  left  to  the  future  to 
determine  whether  mineral  baths,  cold-water  treatment,  or  other 
similar  means  are  of  any  special  avail,  and  what  internal  reme- 
dies promise  the  best  results.  The  best  we  can  do  at  present  is 
to  continue  our  trial  of  the  curative  measures  appropriate  in 
chronic  myelitis. 
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17.  Paralysis  Ascendens  Acuta. — Acute  Ascending  Paralysis. 

— Landry'' s  Paralysis. 

0.  Landry,  Note  snr  la  paralysie  asccndante  aiguS.  Gaz.  hebdom.  1859.  Nr.  30, 
31. — Kussmaul,  Zwei  Falle  von  todtl.  Paraplegic  ohne  nachweisb.  Ursache. 
Erlangen,  1859.  —  T.  L.  Walford,  Softening  of  the  Spinal  Cord.  Assoc.  Med. 
Journ.  1854.  Nov.  11.  (Canstatt's  Jahresb.  III.  S.  m.)— Gomes  de  Valle,  Obs. 
d.  paral.  asc.  aig.  Union  mCd.  1861.  Nr.  13. — Leudet,  Paral.  asc.  aig.,  rapid, 
mortelle,  surven.  dans  1.  conval.  d.  1.  fifevre  typhoYde.  Gaz.  des  hop.  1861.  Nr. 
58. — Pellegrino-Levi,  De  1.  paral.  asc.  aigu(5.  Arch.  gCnGr.  1865.  I.  p.  129. — 
Bdblou,  Obs.  d.  paral.  asc.  aig.  Gaz.  hebdom.  1864.  Nr.  49. — Oru,  Union  m6d. 
1866.  Nr.  \^2.—Caussin,  Gaz.  des  hop.  1866.  Nr.  23.— 5:  Jones,  Brit.  Med. 
Joiirn.  1866.  Oct.  27. — Hayem,  Paralys.  asc.  aiguij.  Gaz.  des  hop.  1867.  Nr. 
102. — Harley  and  Lochhart  Glarhe,  Fatal  Case  of  Acute  Progress.  Paralysis, 
Lancet.  1868.  Oct.  3. — C.  Lange,  Om  obstigende  spinalparalyse.  Hosp.  Tid. 
13.  Aarg.  Nr.  6-10.  (Virchow-Hirsch,  Jahresber.  pro  1869.  II.  S.  ZL—Gheva- 
let.  Par.  asc.  aig.  d'origine  syphil.  Bullet,  d.  th§rap.  1869.  Oct.  15. — Ldbadie 
Lagrave,  Gaz.  des  hop.  1869.  Nr.  148. —  0.  Bayer,  Heilung  einer  acut.  ascend. 
Paral.  unter  antisyphil.  Beh.  Arch.  d.  Heilk.  1869.  S.  105.—^.  Eulenburg, 
Lehrb.  d.  funct.  Nervenkrankh.  Berlin,  1871.  S.  603. — Reincke,  Fall  v.  Paral. 
asc.  acut.  Deutsch.  Klin.  1871.  Nr.  23,  24. — Bernhardt,  Beitr.  z.  Lehre.  v.  d. 
acut.  allg.  Paral.  Berl.  klin.  Woch.  1871.  Nr.  47.—Chalvet,  Gaz.  des  hop. 
1871.  Nr.  d3.—Leyden,  Klinik  d.  Ruckenmarkskrankh.  I.  S.  94.  11.  S.  201. 
— Herm.  Levy,  Paralysis  asc.  ac.  Correspondenzbl.  d.  iirztl.  Ver.  d.  Rheinprov. 
1873.  Sept.  (Centralbl.  1874.  Nr.  11.)— Petitfils,  Consider,  sur  I'atroph.  aig. 
des  cell,  motrices.  Paris,  1873. — EisenloTir,  Zur  Lehre  v.  d.  acut.  spin.  Paral- 
yse. Arch.  f.  Psych,  u.  Nervenkrankh.  V.  S.  219.  1874. — Galestri,  Gazz.  Lom- 
bard. XXXIV.  Nr.  20.  1874.  (Schmidt's  Jahrb.  Bd.  168.  S.  IB.)— Salomon, 
Sclmelle  Heilung  einer  schwer.  ac.  RiickenmarksafEection  u.  s.  w.  Correspon- 
denzbl. d.  arztl.  Ver.  im  Rheinl.  1875.  Nr.  15. — Goltdammer,  Ueber  einige  Falle 
von  subac.  Spinalparalyse.  Fall.  3.  Berl.  klin.  Wochenschr.  1876.  Nr.  26. — 
Baumgarten,  Eigenthliml.  Fall  von  Paral.  asc.  aigue  mit  Pilzbildung  im  Blut. 
Arch.  d.  Heilk.  XVIL  S.  245.  1876.— C.  Westphal,  Uebnr  einige  Fiille  von 
acut.  todtl.  Spinallahmung.  Arch.  f.  Psych,  u.  Nervenkrankh.  VL  S.  765.  1876. 
— Dejerine  et  Goetz,  Paral.  asc.  aigue.  Arch,  de  Physiol,  norm,  et  path.  1876. 
p.  312. — R.  V.  d.  Velden  {Leyden),  Fall  von  acut.  aufsteigend.  spinaler  Para- 
lyse. Deutsch.  Arch.  f.  klin.  Med.  XIX.  S.  333,  1877, 

History. 

In  the  year  1859,  Landry  described  some  cases  of  disease, 
under  "Paralysie  ascendante  aigue,"  which  had  terminated  in 


PARALYSIS  ASCENDEKS  ACUTA. 


733 


death,  with  the  manifestations  of  spinal  paralysis  advancing 
rapidly  from  below  upward,  and  finally  paralyzing  the  medulla 
oblongata,  and  in  which  no  appreciable  anatomical  lesions  were 
found.  In  the  same  year  Kussmaul  also  described  two  cases 
observed  by  him  of  similar,  rapidly  fatal  spinal  paralysis,  with 
entirely  negative  results  on  post-mortem  examination. 

No  doubt  cases  of  disease  belonging  to  this  category  had  pre- 
viously been  described  in  literature — thus,  by  Ollivier,  in  his 
work,  under  the  head  of  Hyperaemia  of  the  Spinal  Cord,  by  Wal- 
ford,  and  others.  It  appears  that  the  distinguished  Cuvier  also 
died  of  this  disease  in  1832. 

But  it  was  not  until  after  Landry's  publication  that  reports 
of  cases  of  this  form  of  disease  began  to  accumulate.  Much, 
however,  was  included  under  this  head  which  evidently  does  not 
belong  here.  Thus,  cases  of  acute,  central  or  diffuse  myelitis  (for 
instance,  the  cases  of  Levy,  Picard,  and  others),  or  of  subacute 
poliomyelitis  anterior  (cases  of  Behm  and  Taylor),  or  of  infec- 
tious myelitis  (Baumgarten) ;  perhaps  it  is  also  wrong  to  place 
here  those  syphilitic  affections  which  run  their  course  presenting 
the  picture  of  acute  ascending  paralysis. 

We  may  learn  how  difficult  it  is  to  keep  these  different  forms 
of  disease  separated  when  we  remember  that  Petitfils  has  but 
recently  made  an  attempt,  in  the  most  detailed  manner,  to  estab- 
lish the  identity  of  acute  ascending  paralysis  and  acute  or  sub- 
acute anterior  poliomyelitis, — to  regard  the  former  merely  as  a 
variety  of  the  latter,  and  to  refer  it  likewise  to  acute  alterations 
in  the  large  ganglion-cells  of  the  gray  anterior  horns.  In  view 
of  a  series  of  well-established,  more  recent,  and  most  recent  facts, 
this  theory  may  be  regarded  as  overthrown. 

Even  before  this  theory  was  advanced,  cases  had  repeatedly 
been  observed  which  might  be  regarded  as  typical  of  acute 
ascending  paralysis,  and  in  which  even  the  most  careful  examina- 
tion by  a  skilled  and  practised  hand  discovered  no  trace  of  any 
change  in  the  central  nervous  system  (the  cases  of  Vulpian,  Pel- 
legrino-Levi,  Cornil  and  Ranvier,  Hayem,  Bernhardt,  and  others). 
The  most  recent  observations  of  Westphal  are  decisive,  and  to  a 
certain  degree  conclusive.  In  a  number  of  cases  that  were  clin- 
ically well  marked,  he  could  not  find  any  trace  of  anatomical 


734  EKB. — DISEASES  OF  THE  SPINAL  CORD  AND  ITS  ENVELOPES. 

alterations  in  the  spinal  cord,  even  on  tlie  most  careful  anatomi- 
cal examination,  carried  out  in  every  direction.  Almost  at  the 
same  time,  Dejerine  and  Goetz  published  a  case  belonging  here, 
with  the  same  negative  anatomical  result.  Westphal  has  also 
rendered  the  clinical  diagnosis  of  the  disease  more  definite  in 
various  directions. 

It  is  thus  settled,  for  the  present,  that  the  disease  cannot  be 
considered  as  identical  with  any  of  the  previously  named  forms 
of  spinal  disease,  but  rather  that  it  is  a  clinically  well-charac- 
terized— undoubtedly  spinal — form  of  disease,  the  anatomical 
conditions  of  which  are  entirely  negative,  so  far  as  our  present 
means  of  investigation  show.  The  disease  may,  and  must,  there- 
fore, as  yet  be  regarded  as  systemic  ;  to  be  sure,  we  stand  but  at 
the  threshold  of  our  knowledge  thereof,  and  it  will  require  addi- 
tional clinical,  pathogenetic,  and  also  anatomical  investigations 
to  give  us  any  satisfactory  idea  of  the  same.  The  material  thus 
far  at  our  command  is  far  too  inadequate  for  this  purpose. 


Definition. 

The  disease  designated  by  the  name  of  paralysis  ascendens 
acuta  is  clinically  characterized  by  a  motor  paralysis  (ascending 
paralysis),  which  generally  begins  in  the  lower  extremities, 
spreads  pretty  rapidly  over  the  trunk  to  the  upper  extremities, 
and  usually  also  involves  the  medulla  oblongata,  which  some- 
times runs  its  course  without  fever,  sometimes  with  more  or  less 
active  fever,  which  but  slightly  involves  the  general  sensibility 
and  the  functions  of  the  bladder  and  rectum,  and  which  runs  its 
course  without  any  notable  atrophy  of  the  muscles,  and  without 
any  diminution  or  change  of  their  electrical  excitability. 

In  the  majority  of  instances  the  disease  terminates  fatally,  by 
asphyxia,  paralysis  of  deglutition,  and  the  like  ;  but  lighter 
cases  may  also  end  in  recovery. 

The  anatomical  characteristics  of  the  disease  are  at  present 
purely  negative.  No  pathologico-anatomical  alterations  are  to 
be  found  anywhere,  and  especially  not  in  the  spinal  cord,  which 
might  explain  the  picture  of  the  disease.    In  particular  are 
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there  no  signs  of  hj'-persBraia  within  the  spinal  cord,  of  myelitis, 
of  acute  destruction  of  the  ganglion-cells  or  nerve-fibres. 

If  the  disease  is  therefore  to  be  localized  within  the  spinal 
'cord  at  all,  it  is  a  question  of  finer,  so-called  impalpable  disturb- 
ances of  nutrition,  not  accessible  to  our  present  means  of  exam- 
ination. 

Etiology  and  Pathogenesis. 

On  this  subject  very  little  is  known,  and,  in  fact,  notliing 
positive. 

Sometimes  the  disease  arises  without  any  demonstrable  pre- 
disposing or  exciting  causes. 

Men  are  most  frequently  attacked  ;  among  the  sixteen  cases 
collected  by  Pellegrino-Levi,  only  four  were  in  women. 

Most  cases  of  the  disease  occur  between  the  ages  of  twenty 
and  forty,  but  it  may  also  occur  at  later  periods  of  life. 

Nothing  is  known  of  any  hereditary  or  neuropathic  influences. 

Talcing  cold  is  mentioned  first  in  the  line  of  exciting  causes. 
It  is  not  necessary  here  to  mention  the  individual  possibilities  of 
the  same,  as  they  proved  to  be  effectual  in  an  entire  series  of 
cases. 

Not  a  few  instances  have  been  seen  to  arise  during  the  course 
of,  or  during  the  convalescence  from,  acute  diseases  (typhoid 
fever,  diphtheria,  pleurisy,  varioloid,  etc.).  Some  few  have  fol- 
lowed suppressed  menstruation  (through  taking  cold  or  emo- 
tional disturbances). 

Bablow  saw  the  disease  break  out  after  a  man  had  indulged 
in  the  act  of  coition  while  standing  up. 

It  is  at  least  doubtful,  as  yet,  whether  sypliilis  is  an  actual 
cause  of  genuine  acute  ascending  paralysis.  We  are  accustomed 
always  to  find  palpable  alterations  in  syphilis,  so  that  a  syphili- 
tic affection  of  the  spinal  cord  with  an  impalpable  lesion  does 
not  seem  to  us  exactly  probable  ;  at  the  same  time,  such  a  thing 
is  possible.  At  all  events,  various  authors  (Kussmaul,  Landry, 
O.  Bayer,  and  others)  have  decided  on  the  syphilitic  nature  of 
the  disease,  partly  from  the  anteced^snts  and  partly  from  thera- 
peutic results. 
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Westplial  has  recently  taken  up  the  idea  of  an  intoxication 
as  the  cause  of  acute  ascending  paralysis.  The  same  had  already 
been  announced  by  Landry,  and  briefly  touched  on  by  Hayem 
and  Bernhardt.  Baumgarten's  case,  in  which  the  bacteria  of 
splenic  fever  (Milzbrand)  were  found  in  the  blood  and  in  the 
spinal  cord,  appears  to  give  some  support  to  this  supposition ; 
still,  in  this  case,  there  was  undoubted  myelitis  present,  therefore 
it  probably  does  not  belong  here.  Westplial  considers  it  proba- 
ble that  some  intoxication — thus  far,  to  be  sure,  of  an  entirely 
unknown  variety — is  the  actual  and  final  cause  of  acute  ascend- 
ing paralysis.  This  can  only  be  decided  by  numerous  further 
observations. 

It  readily  occurs  to  us  to  draw  a  parallel  between  this  and 
another  affection,  likewise  spinal,  which  sometimes  terminates 
fatally  within  a  few  days,  and  sometimes  runs  a  longer  course  to 
recovery,  likewise  appearing  in  lighter  and  severer  attacks,  and 
for  which,  up  to  the  present  time,  there  has  likewise  been  found 
no  anatomical  lesion.  We  refer  to  tetanus.  This  parallel  does 
not  need  to  be  carried  out  any  further  ;  but  close  observation 
cannot  fail  to  detect  the  manifold  analogies  of  the  two  forms  of 
disease,  although  in  the  one  (tetanus)  it  is  a  question  principally 
of  manifestations  of  motor  irritation,  and  in  the  other  (acute 
ascending  paralysis)  principally  of  manifestations  of  motor  par- 
alysis. 

Pathological  Anatomy. 

The  few  convincing  and  sufficiently  careful  reports  of  post- 
mortems now  before  us  (Vulpian,  Cornil  et  Ranvier,  Bernhardt, 
Westplial,  Dejerine  et  Goetz)  unanimously  teach  that  there  are 
absolutely  no  anatomical  changes  present  to  which  the  symptoms 
could,  with  Siwj  reason,  be  referred. 

The  examinations  fulfil  all  the  requirements  that  can  be  made 
of  them  at  the  present  time  ;  they  have  furnished  entirely  nega- 
tive results,  as  well  with  reference  to  the  brain  as  with  reference 
to  the  spinal  cord  and  the  medulla  oblongata,  and  likewise  with 
reference  to  the  sympathetic  nerve,  the  peripheral  nerve-trunks, 
and  the  muscles.    The  future  alone  can  tell  whether  the  changes 
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in  tlie  anterior  roots  found  by  Dejerine  and  Goetz,  but  unfortu- 
nately not  thoroughly  enough  examined,  are  of  any  significance. 
It  is  not  probable  that  they  are  so. 

On  the  other  hand,  the  older  investigations,  which  claimed  to 
have  proved  the  presence  of  hyperjemia  here  and  there,  of  soft- 
ening of  the  spinal  cord,  even  of  myelitis  and  the  like,  lose  all 
their  significance  ;  at  best  tliey  belonged  to  other  clinicall}^  some- 
what similar  forms  of  disease.  This  also  holds  true  of  the  very 
newest  observation  recently  published  by  Leyden  (v.  d.  Velden), 
under  the  name  of  acute  ascending  paralysis.  This  decidedlj'' 
does  not  belong  to  the  form  of  disease  which  we  have  here,  in 
harmony  with  the  views  of  Westphal  and  others,  described  under 
this  name,  as  is  abundantly  evident  from  the  clinical  symptoms 
(a  high  grade  of  fever,  delirium,  paralysis  of  the  bladder,  loss  of 
electrical  excitability,  stiffness  of  the  back,  tension  of  the  mus- 
cles, etc.).  What  is  here  presented  seems  rather  to  be  an  admi- 
rable instance  of  acute  disseminated  myelitis,  especially  affecting 
the  antero-lateral  columns  and  the  anterior  gray  substance. 

It  may  be  a  matter  of  some  significance  that  in  single  cases 
similar  alterations  have  been  found  in  the  spleen,  the  liver,  the 
lymphatic  glands,  and  intestinal  follicles,  etc.,  as  they  are  also  so 
frequently  found  in  diseases  of  infection — such  changes  as  cloudi- 
ness, swelling,  enlargement,  more  abundant  blood-contents,  etc. 

Pathology  of  Acute  Ascending  Paralysis.     ^-HIRUR f ^ 5 C  A  i 
Symptoms. 

In  most  instances,  though  not  always,  the  appearance  of  the 
characteristic  manifestations  of  paralysis  are  preceded  by  vari- 
ous prodroma,  such  as  slight  febrile  action,  general  discomfort, 
pulling  and  shooting  pains  in  the  back  and  the  limbs,  panes- 
thesia  of  various  kinds,  as  formication,  numbness  in  the  feet  and 
finger-tips,  and  the  like,  generally  also  a  feeling  of  great  weari- 
ness and  striking  weakness.  These  may  last  for  a  longer  or 
shorter  period,  for  one  or  for  several  days,  even  a  week  and 
longer ;  such  premonitory  symptoms  have  been  observed  for  as 
long  as  six  weeks. 
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The  actual  beginning  of  the  disease  is  marked  by  a  striking 
wealcness  of  the  lower  extremities,  whicli  increases  more  or  less 
rapidly,  either  gradually  or  with  sudden  greater  steps,  and  very 
soon  amounts  to  well-marked  paresis.  Standing  and  walking 
are  soon  rendered  impossible,  while  when  lying  down  the  indi- 
vidual movements  of  the  legs  can  still  be  executed,  although  with 
a  growing  diminution  of  force.  Gradually  these  movements  also 
fail,  first  in  the  joints  of  the  feet,  then  in  the  knees,  and  finally  in 
the  hips ;  and  so  in  the  course  of  a  few  days,  seldom  earlier  or 
later,  there  is  complete  paralysis  of  the  limbs. 

The  legs  then  lie  there,  lax  and  immovable,  show  no  traces  of 
muscular  tension  or  contractures,  exhibit  no  fibrillar  twitchings, 
nor  any  other  spasmodic  manifestations,  do  not  present  the 
slightest  resistance  to  passive  movements,  and  are  not  subject  to 
pain,  or  but  very  slightly  so,  either  spontaneously  or  on  touch 
or  pressure. 

The  paralysis  now  gradually  advances  upwards,  uniformly 
and  steadily,  but  seldom  interrupted  by  a  prolonged  arrest  of  the 
malady. 

The  muscles  of  the  truuTc  are  next  attacked  ;  sitting  up  and 
sitting  straight  are  gradually  rendered  impossible  by  the  paraly- 
sis of  the  muscles  moving  the  spinal  column  ;  the  acts  of  expira- 
tion, of  coughing  and  sneezing,  of  defecation,  etc.,  become  weak 
and  powerless  through  paralysis  of  the  abdominal  muscles. 

Not  long  after — though  here,  it  is  true,  the  rapidity  of  the 
progress  is  very  variable  in  different  cases — the  upper  extremities 
are  also  attacked  with  the  weakness  and  paralysis.  First  the 
hands  grow  weaker  and  less  steady,  the  strength  of  grip  dimin- 
ishes rapidly,  ordinary  acts,  such  as  writing  and  feeding  one's 
self,  grow  impossible.  Then  the  movements  of  the  arms  grow 
increasingly  more  difficult,  finally  the  movements  in  the  shoulder- 
joint,  too,  become  more  or  less  feeble  and  paralyzed,  so  that  at 
last  the  arms,  like  the  legs,  are  entirely  relaxed  and  immovable. 

Then,  too,  disturbances  of  inspiration  also  appear,  owing  to 
paralysis  of  the  intercostal  and  other  respiratory  muscles  of  the 
trunk. 

When  the  disease  has  become  developed  up  to  this  point,  an 
objective  examination  shows  very  little  that  is  marked,  aside 
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from  tlie  motor  disturbances.  As  a  rule,  tlie  very  sllglit  disturb- 
ance of  sensibility  is  especially  noticeable. 

Subjective  disturbances  of  the  same,  it  is  true,  are  not  rare ; 
patients  complain  of  a  feeling  of  numbness  and  formication  in  the 
lingers  and  toes,  a  diminution  of  feeling  in  the  soles  of  the  feet, 
rarely  of  higher  grades,  of  loss  of  feeling  in  the  lower  extremities. 
There  is  generally  no  pain,  or  but  an  insignificant  amount  only 
at  the  beginning.  The  spinal  column  is  not  painful,  the  spinous 
processes  not  sensitive  on  pressure. 

Objective  tests  of  sensibility,  in  the  majority  of  cases,  give 
quite  normal  results ;  occasionally  it  is  found  slightly  though 
distinctly  lowered,  especially  towards  the  periphery  of  the  ex- 
tremities. More  rarely  higher  grades  of  anaesthesia  are  demon- 
strated, and  it  may  be  a  matter  of  doubt  whether  these  cases 
belong  in  this  category  at  all.  These  statements  hold  equally 
good  for  sensation  of  the  skin  and  muscles. 

In  single  cases  a  tolerably  high  grade  of  hypersesthesia  of  the 
skin  (hyperalgesia)  has  also  been  demonstrated. 

At  all  events,  however,  the  disturbances  of  sensibility  play  a 
subordinate  role,  in  the  picture  of  the  disease,  as  compared  to 
the  motor  paralysis. 

No  ataxy  can  be  demonstrated,  as  long  as  any  movements 
are  capable  of  being  carried  out,  although  the  feeble,  trembling 
movements  of  the  paretic  limbs  sometimes  remotely  remind  us  of 
this  condition. 

There  is  likewise  no  considerable  atrophy  of  tlie  paralyzed 
muscles.  During  the  progress  of  the  disease  more  or  less  con- 
siderable emaciation  may  appear,  as  in  any  one  long  confined  to 
a  sick-bed  ;  but  there  is  no  question  of  a  high  grade  of  rapidly 
progressive  atrophy,  as  in  poliomyelitis  anterior,  and  the  few 
cases  in  which  sucli  has  been  reported  were  probably  wrongly 
classified. 

Another  fact  which  stands  in  most  intimate  relation  to  the  one 
just  stated,  and  Avhich  appears  to  be  of  no  less  value  in  a  dif- 
ferential diagnosis,  is  tliat  the  electrical  excitability  of  the  para- 
lyzed nerves  and  muscles  remains  entirely  normal.  In  all  the 
more  recent  cases,  carefully  investigated  by  skilled  hands  (Pel- 
legrino-Levi,  Bernhardt,  Westphal,  etc.)  no  anomaly  of  electrical 
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excitability  worth  mentioning  has  been  found,  even  after  the 
disease  had  existed  for  a  number  of  weeks.  By  this  very  means 
the  disease  seems  to  be  distinguislied,  in  a  very  significant 
manner,  from  all  progressive  paralyses  caused  by  gross  anatomi- 
cal lesions  within  the  spinal  cord  (myelitis  centralis,  poliomyelitis 
anterior  subacuta,  etc.).  At  all  events  the  careful  testing  of 
electrical  excitability  is  worthy  of  special  attention  in  all  future 
cases. 

But  little  is  said  with  regard  to  the  existence  of  vaso-motor 
disturbances.  In  Eisenlohr's  case  there  was  transitory  a3dema 
of  the  skin,  with  redness  of  the  integument  over  various  joints. 
In  some  cases  a  profuse  secretion  of  sweat  is  rej)orted. 

The  nutrition  of  the  skin  does  not  usually  suffer.  Bed-sores 
do  not  occur. 

The  conditions  of  reflex  action  certainly  deserve  more  careful 
attention,  as  they  are  probably  also  of  diagnostic  significance. 
Statements  with  regard  to  the  reflex  action  of  the  skin  are  very 
various ;  it  also  appears  that  this  changes  gradually  during  the 
course  of  the  disease.  It  is  but  rarely  that  an  elevation  of  reflex 
action  is  reported  (Eisenlohr's  case) ;  histories  of  cases  generally 
show  that  reflex  action  is  preserved  during  the  first  days  and 
weeks  of  the  disease,  that  it  then  diminishes  more  or  less  rapidly, 
and  is  finally  entirely  extinguished.  If,  as  a  general  rule,  reflex 
action  thus  entirely  fails  in  well-marked  and  complete  paralysis, 
still  this  does  not  seem  to  occur  as  rapidl}^  and  completely  as  it 
does,  for  instance,  in  poliomyelitis  anterior.  Special  attention 
might  be  paid  to  this  point.  The  reflex  excitability  of  tendons 
has,  thus  far,  only  been  examined  by  Westphal,  who,  in  one  case, 
found  it,  as  well  as  the  excitability  of  the  skin,  to  be  lacking. 

The  condition  of  the  sphincters  is  a  matter  of  no  less  impor- 
tance. The  bladder  and  rectum  are  generally  quite  undisturbed 
in  their  functions  ;  there  are  no  involuntary  evacuations,  there  is 
no  retention  of  urine — this  is  the  rule.  In  individual  instances, 
however,  slight  disturbances  of  the  bladder  occur ;  generally, 
however,  even  if  they  become  more  severe,  they  are  merely  transi- 
tory. Usually  there  is  no  trace  of  the  severe  paralysis  of  the 
bladder  and  rectum  which  occurs  as  a  rule,  for  examjjle,  in 
central  myelitis,  and  it  is  only  exceptionally  that  the  use  of  the 
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catheter  is  required  (cases  of  Dejerine  and  Goetz).  In  one  case 
Pellegrino-Levi  found  the  urine  alkaline.  There  is  usually  con- 
stipation, which  may,  under  some  circumstances,  become  very 
obstinate. 

Statements  vary  considerably  with  regard  to  the  general  con- 
dition of  the  patients ;  it  may  be  more  or  less  disturbed,  although, 
in  some  instances,  it  is  remarkably  good.  In  the  majority  of  in- 
stances there  is  said  to  have  been  no  fever  ;  at  all  events,  it  does 
not  belong  to  the  essential  manifestations  of  the  disease.  In  some 
cases  active  fever  has  been  found,  in  others  only  a  moderate  de- 
gree of  the  same.  At  other  times,  again,  single  severe  attacks  of 
fever,  with  a  chill,  have  been  encountered  ;  or  there  might  merel}'" 
be  slight,  transitory,  febrile  movement,  extending  over  several 
days.  This  question,  too,  requires  further  more  careful  investi- 
gation. 

In  most  striking  contrast  to  the  severe  manifestations  of  spi- 
nal paralysis  (for  we  can  hardly  regard  it  as  being  anything  else) 
is  the  complete  integrity  of  the  f  unctions  of  the  train,  at  first 
and  during  the  earlier  period  of  the  disease.  Intelligence  and 
memory,  consciousness  and  the  functions  of  the  special  senses 
remain  entirely  normal ;  there  never  is  any  dizziness,  delirium, 
and  the  like,  and  even  complaints  of  headache  belong  to  the  rari- 
ties in  this  disease.  Even  the  cerebral  motor  nerves  either  take 
no  part  at  all  in  the  general  paralysis,  or  are  not  involved  until 
very  late.  Actual  paralysis  of  the  muscles  of  the  eye  has  not 
been  observed ;  transitory  amblyopia  lias  been  reported  in  two 
cases.  Only  those  motor  nerves  which  are  directly  dependent  on 
the  medulla  oblongata  are,  as  a  rule,  sooner  or  later  involved  in 
the  paralysis. 

After  the  disease  has  once  reached  the  stage  heretofore  de- 
scribed, it's, further  course  may  vary  somewhat. 

In  most  instances  the  disease  advances  still  further  upioards. 
The  movements  of  the  head  and  neck  now  begin  to  be  disturbed  ; 
the  muscles  of  the  neck  grow  paralyzed ;  patients  complain  of 
weakness  or  of  a  feeling  of  stiffness  in  the  neck  ;  sometimes  dis- 
tinct weakness  in  the  domain  of  the  facial  nerve  sets  in.  Respi- 
ration grows  increasingly  difficult ;  a  high  degree  of  dyspncea 
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occurs,  with  very  frequent  and  anxious  respiration  ;  the  activity 
of  the  diaphragm  lias  been  impaired,  and  the  danger  of  asphyxia 
draws  threateningly  nearer.  Simultaneously  herewith,  or  it  may 
be  earlier  or  somewhat  later,  disturbances  of  articulation  of  the 
voice,  of  speech  set  in,  caused  by  paralysis  of  the  muscular  ap- 
paratus pertaining  to  these  functions.  To  these  are  added  weak- 
ness and  paralysis  of  the  muscles  of  mastication,  paresis  of  the 
soft  palate  (nasal  speech,  the  regurgitation  of  fluids  through  the 
nose),  difficulty  of  swallowing,  and  finally  complete  paralysis  of 
deglutition  ;  in  a  word,  the  complete  picture  of  severe  bulbar  par- 
alysis. If  we  add  that  not  infrequently  differences  in  the  two 
pupils  may  be  observed,  and  that  the  frequency  of  the  pulse 
often  rises  to  a  very  alarming  height,  we  shall  therewith  have 
completed  the  clinical  picture  which  indicates  an  advance  of  the 
process  to  the  uppermost  divisions  of  the  cervical  spinal  cord. 

All  these  manifestations  continue  to  increase,  while  evidences 
of  hypersemia  and  hypostatic  congestion  of  the  lungs  appear, 
and  the  danger  of  asphyxia  is  augmented,  until  the  fatal  termi- 
nation is  more  or  less  rapidly  ushered  in. 

The  period  of  time  which  elapses  before  this  termination  is 
reached  may  vary  considerably.  Sometimes  it  is  but  a  few 
days ;  the  disease  has  been  seen  to  run  its  course  and  end  in 
death  within  two  or  three  days,  although  it  may  last  for  two, 
three,  and  four  weeks ;  it  seems  to  be  rare  for  the  disease  to 
extend  over  as  long  a  time  as  six  weeks.  The  average  duration 
of  fatal  cases  seems  to  be  eight  to  twelve  days. 

But  another  termination  is  possible,  having  occurred  in  a 
series  of  cases  which  may  probably  be  counted  as  belonging  in 
this  category,  viz.,  a  termination  in  improvement  and  recovery. 
Landry  even  speaks  of  eight  recoveries  in  ten  cases,  and  Pelle- 
grino-Levi  found  at  least  five  cured  out  of  fourteen  diseased. 

The  disease  may  come  to  a  stand-still  at  any  stage  of  its  de- 
velopment ;  then,  some  day,  the  paralysis  extends  no  further. 
This  generally  appears  to  be  the  case  before  the  paralysis  has 
reached  the  nerves  of  the  bulb,  though  instances  have  also  been 
known  in  which  recovery  took  place  in  spite  of  the  existence  of 
disturbances  of  respiration,  deglutition,  and  mastication. 

The  favorable  turn  usually  takes  place  after  the  disease  has 
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lasted  but  a  comparatively  short  time  ;  some  single  movements 
appear  to  be  a  little  better  and  stronger,  others  return  once 
more  ;  those  parts  last  attacked  by  the  paralysis  are  the  first  to 
show  improvement.  This  gradually  increases  ;  the  strength  and 
power  of  function  of  the  muscles  grow  from  day  to  day ;  first 
the  patients  can  use  their  hands  again,  gradually  they  learn  to 
sit  up,  finally  again  to  stand  and  walk.  This  may  occupy  a  con- 
siderable time  ;  it  is  always  to  be  counted  by  weeks,  and  whether 
it  be  many  weeks  or  few,  varies  very  much  in  individual  cases, 
and  depends  on  circumstances  entirely  unknown  to  us.  Usually 
the  patients  feel  very  weak  and  poorly  for  quite  a  while  ;  fluctu- 
ations and  relapses  in  this  favorable  course  also  seem  to  be  pos- 
sible. 

Exceptionally  the  disease  may  be  seen  to  progress  downwards  within  the  cord, 
instead  of  pursuing  the  more  frequent  ascending  course.  The  paralysis  then  begins 
in  the  nerves  of  the  bulb,  and  successively  seizes  first  the  upper  and  then  the  lower 
extremities.  So  in  the  case  of  the  distinguislied  Cuvier,  as  reported  by  Pellegrino- 
Levi. 

It  may  seem  doubtful  •whether  Westphal's  Case  4  belongs  under  this  head.  This 
■was  likewise  an  instance  of  acute,  fatal  i^aralysis,  with  a  perfectly  negative  result  of 
post-mortem  examination,  but  confined  to  the  nerves  of  the  bulb ;  there  was  paral- 
ysis of  the  tongue  and  lips,  of  deglutition,  mastication,  and  respiration.  This  case 
would  have  to  be  considered  as  one  of  a  more  rudimentary  character,  more  limited 
in  its  localization,  and  rendered  rapidly  fatal  by  this  very  localization.  But  it  is 
probably  better  for  the  present  to  regard  it  as  doubtful,  and  to  leave  it  unclassi- 
fied. 

Diagnosis. 

The  picture  delineated  in  the  preceding  pages  is  probably 
sufficiently  characteristic  to  admit  of  a  diagnosis  of  the  disease 
being  made  in  a  fair  proportion  of  the  cases. 

The  paralysis,  chiefly  of  a  motor  character,  progressing  rap- 
idly from  below  upwards,  the  small  amount  of  fever,  the  insig- 
nificant disturbances  of  sensibility,  the  absence  of  paralysis  of 
the  bladder,  the  slow  extinction  of  reflex  excitabilit}'-,  the  ab- 
sence of  muscular  tension  and  muscular  atrophy,  the  non-occur- 
rence of  bed-sores,  and  the  final  involvement  of  the  functions  of 
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the  bulb  would  seem  to  be  sufficiently  indicative  of  this  disease 
to  point  suspicion  that  way. 

At  the  same  time  a  positive  decision  will  often  not  be  pos- 
sible, especially  during  the  first  few  days,  and  the  diagnosis  may 
for  a  time  be  unsettled.  The  affections  with  which  acute  ascend- 
ing paralysis  may  be  confounded  are  particularly  the  different 
forms  of  acute  and  subacute  myelitis,  but  on  careful  considera- 
tion of  all  the  symptoms  one  will  generally  be  able — especially 
in  the  course  of  several  days — to  arrive  at  a  tolerably  certain 
decision. 

This  affection  is  hardly  liable  to  be  confounded  with  acute 
^poliomyelitis  anterior  (section  15)  because  the  latter  has  no 
progressive  character,  never  attacks  the  medulla  oblongata,  and 
never  directly  induces  death ;  because  it  generally  sets  in  with 
fever,  with  very  rapid  loss  of  faradic  excitability  and  rapid  mus- 
cular atrophy,  etc.  It  is  only  in  the  light  and  temporary  forms 
of  acute  poliomyelitis  anterior — which,  however,  are  very  rare — 
that  a  doubt  might  perhaps  arise.  But  these  may  perhaps  be 
distinguished  from  the  light  forms  of  acute  ascending  paralysis 
by  the  entire  failure  of  reflex  excitability  (?),  and  certainly  may 
be  distinguished  by  the  lowering  of  faradic  excitability — even 
though  it  be  but  slight, — and  by  the  non-progressive  character  of 
the  paralysis. 

It  is  an  easier  matter  to  confound  this  malady  with  those 
cases  of  subacute  anterior  poliomyelitis,  which  pursue  a  com- 
paratively rapid  course  in  an  upward  direction.  Indeed  this 
disease  has,  by  a  number  of  writei's,  been  regarded  as  identical 
with  Landry's  paralysis.  This  is  certainly  incorrect,  as  will 
appear  on  a  careful  comparison  of  the  symptoms  of  the  two  forms 
of  disease.  The  first  argument  in  favor  of  the  existence  of  acute 
ascending  paralysis  is  to  be  found  in  the  absence  of  atrophy  and 
in  the  fact  that  the  electrical  excitability  remains  intact ;  then 
the  longer  preservation  of  reflex  action,  the  possible  presence  of 
slight  disturbances  of  sensibility  and  of  the  bladder,  the  more 
rapid  and  generally  fatal  termination,  and  the  early  appearance 
of  severe  symptoms  of  bulbar  trouble,  also  point  in  the  same 
direction.  Generally,  however,  we  shall  be  able  to  conclude 
with  certainty  that  a  given  case  of  paralysis  is  due  to  anatomical 
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changes  in  the  spinal  cord,  only  on  the  development  of  atrophy 
and  of  the  reaction  of  degeneration. 

As  a  rule,  Landry's  paralysis  can  easily  be  distinguished  from 
acute  central  myelitis  (see  above,  p.  416).  In  the  latter  tliere  is 
always  a  high  degree  of  disturbance  of  sensibility,  the  early  fail- 
ure of  all  reflex  actions,  great  paralysis  of  the  sphincters,  fever, 
acute  bed-sores,  a  lowering  of  faradic  excitability,  and  a  rapidly 
fatal  termination.    Hence  the  distinction  is  not  difiicult. 

The  spinal  forms  of  sypJiilis,  which  run  their  course  under 
the  form  of  acute  ascending  paralysis,  may  be  distinguished  from 
the  latter,  if,  indeed,  they  are  not  identical  with  it,  only  by  the 
evidence  of  former  or  still  existing  syphilis  in  the  patient,  and 
by  the  results  of  anti-syphilitic  treatment. 

Infectious  myelitis,  of  which  Baumgarten  has  certainly  not 
given  us  a  very  complete  clinical  picture,  ought  to  be  distin- 
guished from  Landry's  paralysis  by  the  same  signs  which  char- 
acterize any  other  diffuse  or  central  myelitis. 

The  rare  cases  of  acute  multiple  neuritis,  one  of  which  Eich- 
horst^  has  recently  described,  could  only  be  mistaken  for  acute 
ascending  paralysis  by  a  very  careless  observer.  The  severe 
pains,  limited  to  single  nerve-roots,  the  ansesthesia  and  paralysis, 
similarly  limited,  and  especially  the  rapid  lowering  of  electrical 
excitability,  should  be  enough  to  guard  against  this  error. 

LELUi>  <kWEST-i 
Prognosis.  ^.^^^^^ 

Acute  ascending  paralysis  is  always  a  disease  of  'very  doubt- 
ful prognosis.  If  it  is  far  enough  developed  to  be  diagnosticated 
with  certainty,  then  the  prognosis  is  generally  very  serious.  It 
becomes  worse  the  more  rapid  has  been  the  ascending  course  of 
the  disease,  the  earlier  respiration  has  been  attacked,  and  the 
more  pronounced  the  evidences  of  bulbar  paralysis. 

But  we  have  seen  that  there  are  also  exceptions  to  this  rule, 
that  no  small  number  of  cases  even  terminate  favorably.  It  is 
difficult,  however,  to  recognize  these  favorable  cases  earl 3^ ;  as  a 
rule,  this  is  impossible  until  improvement  has  begun.  Perhaps 
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further  experience  will  give  us  some  fixed  points  for  such  a  dis- 
tinction. 

Therapeutics. 

It  is  difficult,  in  view  of  our  entire  ignorance  with  regard  to 
the  true  essence  of  the  disease,  to  decide  on  any  definite  thera- 
peutic course. 

One  will  be  inclined,  in  general,  to  employ  the  treatment  ap- 
plicable to  the  acute  ascending  forms  of  myelitis.  But  it  is  a 
question  whether  the  good  results  of  this  treatment  have  not 
been  observed  in  those  very  cases  which  have  been  falsely  diag- 
nosed as  acute  ascending  paralysis. 

The  main  object  of  treatment  certainly  is  to  bring  about  a 
cliange  in  the  nutrition  of  the  nerve-elements  of  the  spinal  cord. 
This  is  an  indication  more  easily  set  up  than  fulfilled. 

It  is  more  than  doubtful  whether  the  energetic  application  of 
derivatives  to  the  spinal  column  is  justified  by  this  indication. 
Tlie  favorable  results  attained  by  Levy  and  Salomon  with  the 
actual  cautery  occurred  in  cases  which  most  probably  did  not 
belong  under  this  head.  At  the  same  time,  in  so  serious  a  dis- 
ease, one  would  not  slirink  from  the  frequent  application  of  dry 
or  wet  cups,  from  repeated  blistering,  and,  in  case  life  was 
threatened,  even  from  the  use  of  the  actual  cautery. 

Careful  stimulation  of  the  activity  of  the  skin  is  more  likely 
to  prove  of  benefit.  This  may  be  accomplished  by  frictions  of 
the  skin  with  cold  water,  the  repeated  application  of  Priessnitz' s 
"packs"  to  the  trunk  or  to  the  entire  body,  lukewarm  baths, 
cold  affusions,  etc. 

Of  internal  remedies,  iodide  of  potassium  is  generally  used  as 
the  nearest  refuge  in  this  therapeutic  extremity,  or  nux  vomica. 
Their  effects  are  doubtful. 

An  agent  which  promises  much,  and  is  certainly  worthy  of 
being  more  carefully  tested,  is  the  galvanic  current.  While  its 
value  has  been  established  beyond  a  doubt  for  the  later  stage  of 
the  cases  that  terminate  favorably,  the  question  still  remains  to 
be  decided,  when  its  application  is  to  be  commenced.  A  priori, 
we  would  seem  to  be  justified  in  beginning  it  very  early,  as  there 


INTRAMEDULLAKY  TUMORS.  747 

is  no  fever,  no  inflammation,  but  merely  an  impalpable  disturb- 
ance of  nutrition  in  the  spinal  cord.  And  it  is  against  just  such 
a  condition  that  the  galvanic  current,  perhaps,  shows  itself  espe- 
cially efficacious.  The  application  of  a  constant,  moderately 
strong  current  the  length  of  the  spinal  column  might  be  tried 
first. 

As  a  matter  of  course,  these  patients  require  the  most  careful 
nursing ;  their  nourishment  must  be  tonic  and  abundant ;  and 
on  the  appearance  of  symptoms  of  paralysis  which  threaten  life, 
the  free  and  energetic  use  of  all  the  various  stimulants  (alcohol, 
coffee,  musk,  camphor,  ammonia,  nux  vomica,  etc.)  must  not  be 
omitted. 

In  those  cases  which  terminate  favorably,  subsequent  treat- 
ment with  electricity,  baths,  cold  water,  mountain  air,  etc.,  is 
indicated. 

18.  Tumors  of  the  Spinal  Cord. — Intramedullary  Tumors. 

Lelei't,  Traitg  d'anatom.  patholog.  Tom.  II. — Ollivier,  1.  c.  3.  6d.  Tom.  II.  p.  503. 
1837.— i?bers<er,  Handb.  der  pathol.  Anat.  II.  2.  Aufl.  S.  628.  18Gd. —  Virchow, 
Die  krankhaften  Geschwiilste.  Bd.  1  u.  2. — Leyden,  Klinik  der  Riickenmarks- 
krankh.  I.  S.  468.  1874.— Jlf.  Rosenthal,  Klinik  der  Nerveukrankh.  2.  Aufl.  S. 
349.  1875.— Basse,  1.  c.  3.  Aufl.  S.  729-735.  1869. 

Eager,  Arcli.  g6n6r.  1834.  Tom.  4.  p.  605. — Brown- Sequard,  Course  of  Lectures, 
etc.  Phila.  1860.  p.  60,  p.  101,  etc.  Paralysis  of  the  Lower  Extremities.  Lon- 
don, 1861.  p.  92-99. — Qendrin,  Tubercule  comprimant,  etc.  cit6  jjar  Brown- 
SGquard.  Journ.  d.  1.  Physiol.  T.  VI.  p.  233.— TV.  Gull,  Cases  of  Paraplegia. 
Guy's  Hosp.  Rep.  VIII.  S.  113.  1858. — Schueppel,  Gliom  u.  Gliomyxom  des 
R-M.  Arch.  d.  Heilk.  VIIL  S.  113.  18G7.—  W.  Scholz,  Paraplegic  u.  s.  w., 
Bindegewebsncubildung  im  R.-M.  AUg.  militiiriirztl.  Zeitung,  1868.  Nr.  28 — 
John  Grimm,  Ein  Fall  von  progress.  Muskelatrophie.  Virch.  Arch.  Bd.  48.  S. 
445.  1869. — E.  K.  Hoffmann,  Gliomyxom  im  oberen  Theil  dcs  Lcndenrucken- 
marks.  Zeitschr.  f.  rat.  Medic.  III.  Reihe.  Bd.  XXXIV.  S.  188.  1869.—/.  San- 
der, Fall  von  Paralysis  atrophica.  Arch.  f.  Psych,  u.  Nervenkrankh.  11.  S.  780. 
1870. — Ilahershnn,  Clinical  Cases,  etc.  Tubercle  in  the  Spinal  Cord.  Guy's 
Hosp.  Rep.  XVII.  p.  428.  1872.— G".  Hayem,  Tubercule  d.  1.  moelle  Cp.  Arch, 
d.  Physiol.  V.  p.  431.  1873. — Charcot,  Le9ons  sur  les  maladies  du  syst.  ner- 
veux.  n.  S6r.  2.  Fasc.  ISl^.—  Chvosteh,  Zwci  Fiillo  von  Tuberkulose  dcs  R.-M. 
Wien.  mod.  Presse,  1873.  Nr.  35.  ^l-^^.—  Westphal,  Fall  von  Hohlen-  und 
Geschwulstbildung  im  R.-M.  Arch.  f.  Psych,  u.  Nervenkrankh.  V.  S.  90.  1874. 
— Th.  Simon,  Ueber  Syringomyclie  u.  Geschwulstbildung  im  R.-M.  Ibid.  V. 
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S.  120.  1874. — Lioioville,  Nouv.  exempl.  de  16s.  tubcrcul.  dans  la  m.  Cp.  Arch. 
g6nCr.  1875.  Janv.  p.  92. — Klebs,  Beitr.  z.  Geschwulstlehie.  Leipzig,  1877.  S. 
89.  Prag.  Vierteljahrschr.  Bd.  126  u.  133. 

In  tliis  section  we  shall  consider  those  pathological  neoplasms 
which  are  developed  within  the  substance  of  the  spinal  cord 
itself,  in  so  far  as  they  occur  in  the  form  of  tumors,  and  are  more 
or  less  sharply  distinguished  from  the  substance  of  the  cord. 

Tumors  of  the  substance  of  the  spinal  cord  are  very  rare 
affections ;  they  are  also,  clinically,  very  difficult  or  impossible 
to  recognize  with  certainty,  and  therefore  seem  to  be  of  but  little 
pi-actical  importance  ;  consequently,  we  shall  treat  the  subject 
briefly. 

Pathological  Anatomy. 

There  are  but  few  forms  of  neoplasm  that  have  thus  far  been 
observed  in  the  spinal  cord  itself,  and  but  single  ones  of  these 
have  acquired  some  degree  of  practical  importance  through  the 
comparative  frequency  of  their  occurrence.  Such  are  gliomata 
and  tubercle  of  the  cord. 

The  majority  of  medullary  neoplasms  appear  to  be  developed 
in  the  midst  of  the  substance  of  the  spinal  cord  ;  only  in  rarer 
instances  do  they  grow  from  the  spinal  meninges  into  the  cord. 
It  cannot  as  yet  be  determined  whether  the  white  or  gray  matter 
of  the  cord  affords  the  principal  soil  for  the  development  of  the 
various  neoplasms.  Some  writers  assert  one  thing,  some  another. 
Perhaps  the  relations  vary  according  to  the  various  forms  of 
neoplasm.  According  to  the  observations  of  Th.  Simon,  it  would 
almost  appear  as  though  the  anterior  portions  of  the  white  pos- 
terior columns  were  the  favorite  seat  of  some  neoplasms.  This 
much,  however,  is  certain,  that  intramedullary  neoplasms  may 
be  developed  from  the  most  varied  points  in  the  gray  and  white 
substance  of  the  cord. 

The  size  of  the  tumors  can  never  be  very  considerable,  on 
account  of  the  narrow  space  within  the  spinal  canal.  They  are 
generally  round  or  longish  growths,  from  the  size  of  a  hemp-seed 
to  that  of  a  hazel-nut,  or  even  of  a  thumb.  In  single  cases, 
however,  extraordinarily  elongated  tumors  have  been  found, 
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whicli  have  stretched,  in  A-arious  degrees  of  thickness,  through- 
out the  entire  cord,  from  tlie  conns  medullaris  to  the  medulla 
oblongata. 

The  substance  of  the  spinal  cord  is  at  first  only  crowded  apart 
by  the  tumors,  more  or  less  compressed,  and  linally  caused  to 
disappear  entirely  ;  more  rarely  the  substance  of  the  cord  passes 
directly  into  the  mass  of  the  tumor.  An  inliaramatory  softening 
is  always  developed  in  the  neighborhood  of  the.  neoplasm,  a 
transverse  myelitis,  whence  in  many  instances  the  hrst  severe 
clinical  symptoms  proceed.  Aside  from  this,  the  secondary 
ascending  and  descending  degenerations  so  often  spoken  of  are 
generally  developed. 

In  the  tumors  themselves  processes  of  softening  are  not  rare  ; 
the  same  is  true  of  the  secondary  development  of  cavities  (sj^rin- 
gomyelia),  extravasations  of  blood,  etc.,  as  we  shall  see  when 
studying  the  individual  forms  of  the  affection. 

Among  the  tumors  thus  far  observed  in  the  cord,  glioma  is 
probably  the  most  frequent  variety  (cases  of  Sander,  Simon,  Case 
VII.  ;  Schueppel,  Casel. ;  Klebs  and  others).  It  usually  appears 
as  a  soft,  grayish-red  or  grayish-white  mass,  of  a  roundish  or  more 
elongated  shape,  often  very  long  drawn  out  and  irregular  in  form. 
In  many  places  it  is  merged  impercebtibly  in  the  surrounding  tis- 
sue. It  is  very  vascular,  disseminated  with  numerous  larger  and 
smaller  blood-vessels,  and  not  rarely  shows  more  or  less  extensive 
hemorrhages  into  its  substance  and  in  its  neighborhood.  The 
secondary  development  of  cavities  is  very  frequent  in  gliomata, 
especially  of  the  softer  form,  and  part  of  the  cases  of  disease 
described  under  the  name  of  syringomyelia  evidently  belong 
here  (Westphal,  Th.  Simon).  The  very  vascular  forms  have 
probably  also  been  described  as  teleangiectatic  gliomata.  This 
variety,  in  particular,  shows  especially  extensive  hemorrhages. 

According  to  Virchow,  gliomata  proceed  from  the  neuroglia, 
and  represent  nothing  else  than  a  hyperplasia  of  the  neuroglia. 
They  consist  of  cells  which  are  imbedded  in  a  granular  or  fibril- 
lated,  or  sometimes  also  in  a  more  mucous  basement  membrane. 
Their  wealth  of  cells  varies  more  or  less  ;  their  wealth  of  vessels 
is  generally  very  considerable.  The  nerve-elements  (fibres  and 
cells)  have  generally  entirely  disappeared  within  the  tumor, 
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according  to  the  reports  of  the  majority  of  authors  (Virchow, 
Charcot,  and  others). 

On  the  other  hand,  Klebs  has  recently  undertaken  to  show  that  all  these  tumors 
principally  proceed  from  the  nerve-elements,  partly  from  true  ganglion-cells,  partly 
from  meduUated  nerve-fibres,  and  that  associated  herev^ith  there  is  a  mighty  devel- 
opment of  blood-vessels  and  lymph-vessels.  He  therefore  calls  these  tumors  neuro- 
gliomata.  It  is  claimed  tliat  the  interruption  of  nervous  conduction  occurs  much 
later  in  these  hyperplastic  tumors  than  in  those  forms  of  tumor  which  act  upon 
the  nerve-tracts  through  mechanical  pressure.  This  might  be  of  value  from  a  clin- 
ical point  of  view.    Further  investigations  may  reconcile  these  differences. 

Gliomata  of  the  spinal  cord  are  said  to  occur  principally  in 
the  cervical  portion  of  the  same,  and,  according  to  Schueppel,  to 
arise  chiefly  from  the  gray  substance. 

Myxoglioma  (Simon,  Case  VIII.  ;  Schueppel,  Case  II.  ;  Hoff- 
mann) is  to  be  regarded  as  a  variety  of  glioma.  It  is  a  bright 
red,  translucent,  viscid  tumor,  in  which  the  cell-elements  are  im- 
bedded in  a  basement  substance  containing  mucine,  and  which 
otherwise  acts  just  like  the  simple  glioma,  with  which  the  myxo- 
glioma is  sometimes  combined.  The  same  is  true  of  gliosarcoma, 
of  which  Westphal  has  described  one  case. 

Pure  sarcoma  (Poerster,  Tuengel  in  his  clinical  communica- 
tions, Hamburg,  1864,  p.  27)  is  certainly  a  very  rare  form  of  tumor 
within  the  spinal  cord.  Virchow  has  never  seen  an  instance  of  it. 
Myxosarcoma  has  been  observed  here  and  there  as  a  long-drawn 
tumor  with  the  development  of  a  number  of  central  cavities. 
The  cases  of  Hutin  and  Scholz,  and  the  case  of  Sonnenkalb,  re- 
ported in  Ollivier,  1.  c,  II.,  p.  402,  perhaps  belong  in  the  cate- 
gory oi  fibrosarcomaia. 

On  the  other  hand,  tubercle  is  one  of  the  most  frequent  tumors, 
perhaps  the  most  frequent,  of  the  spinal  cord  (Charcot).  It  has 
been  observed  in  numerous  cases  (Gull,  Eisenschitz,  Virchow, 
Hayem,  Liouville,  Haberslion,  Chvostek,  and  others). 

Tubercle  of  the  spinal  cord  occurs  at  all  periods  of  life,  most 
frequently  between  the  ages  of  iifteen  and  forty,  and  compara- 
tively oftener  during  youth. 

These  growths  may  be  developed  in  all  portions  of  the  cord, 
but  are  especially  fond  of  the  two  enlargements  of  the  same,  and 
according  to  Hayem  are  especially  liable  to  occur  in  the  lumbar 
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enlargement.  Sometimes  they  occupy  principally  tlie  white,  and 
sometimes  principally  the  gray  substance.  Their  size  varies  from 
that  of  a  hemp-seed  to  tliat  of  a  hazel-nut,  or  larger  ;  they  gener- 
ally occur  singly,  rarely  several  are  found  at  once,  or  a  whole 
group  of  them.  Tubercle  of  the  spinal  cord  is  seldom  the  only 
localization  of  tuberculosis  within  the  body ;  there  is  almost 
always  simultaneous  tubercle  of  the  brain,  or  tuberculosis  of  the 
lungs  and  other  organs  of  the  body  can  be  demonstrated.  Very 
generally  gray  miliary  tubercles  are  at  the  same  time  to  be  found 
in  the  meninges  of  the  cord. 

Tubercles  of  the  spinal  cord  have  quite  the  appearance  of  the 
well-known,  far  more  frequent  tubercles  of  the  brain ;  they  are 
roundish,  hard  tumors,  of  a  dry  quality,  of  yellowish-white, 
cheesy  color,  of  a  lamellar  arrangement  on  their  cut  surface ;  the 
peripheral  layers  are  often  more  gray  and  hard,  and  contain 
young  tubercle  granulations.  Sometimes  a  central  cavity  is  met 
with,  containing  softened  matter  of  a  cheesy  or  pasty  consist- 
ence (Chvostek,  Habershon). 

In  the  vicinity  of  the  neoplasm  there  is  always  more  or  less 
extensive  softening  of  the  spinal  cord,  of  an  inflammatory  nature ; 
a  secondary  myelitis  which  is  especially  pronounced  in  the  gray 
substance,  and  extends  to  a  variable  degree  upward  and  down- 
ward within  this  substance.  Sometimes,  too,  a  species  of  encap- 
sulation through  sclerotic  tissue  is  met  with  in  the  vicinity. 
According  to  circumstances — according  to  the  position  of  the 
tumor — there  will  be  secondary  ascending  or  descending  de- 
generation. 

S7/p7iilomata,  gicmmata,  are,  on  the  whole,  but  rarely  found 
within  the  spinal  cord  (cases  of  E.  Wagner,  Moxon,  Charcot  and 
Gombault,  and  others).  They  are  then  generally  multiple,  and 
occur  simultaneously  also  in  the  brain.  They  have  the  same 
peculiarities  as  other  gummata  of  the  central  nervous  system. 

Carcinoma  seems  never  to  occur  primarily  in  the  spinal  cord, 
if  we  ignore  the  earlier,  very  doubtful  reports  with  regard  to 
"cancerous"  new  growths  in  the  cord.  Even  the  case  of  tumor 
of  the  cord,  reported  by  John  Grimm  as  medullary  carcinoma,  is 
probably  somewhat  questionable.  Very  frequently,  however, 
carcinomatous  growths,  taking  their  origin  from  the  vertebrae, 
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grow  into  the  spinal  cord,  but  tlien  tliey  run  their  course  quite  in 
accord  with  the  clinical  picture  of  meningeal  tumors. 

Probably  those  alterations  within  the  cord  wliich  have  been 
described  under  the  names  of  liydromyelus  and  syringomyelia 
may  ^ilso  be  in  part  counted  among  tumors  of  the  cord.  Although 
they  are  not  exactly  rare,  they  are  of  very  little  practical  impor- 
tance on  account  of  frequently  running  their  course  entirely  unac- 
companied by  any  symptoms.  Their  method  of  development 
seems  to  be  vaiious  ;  sometimes  there  is  an  actual  malformation, 
sometimes  a  secondary  widening  of  the  central  canal,  sometimes 
a  secondary  development  of  cavities,  such  as  occur  from  processes 
of  softening  in  myelitis, or  more  frequently  (Th.  Simon)  in  actual 
neoplasms  (gliomata,  myxogliomata,  myxosarcomata,  etc.). 

Etiology. 

The  causes  of  intramedullary  tumors  are  as  yet  quite  obscure. 
Naturally  enough,  here  too,  as  in  meningeal  tumors,  the  blame 
has  been  attached  to  all  sorts  of  conditions,  but  it  is  generally 
very  hard  to  tell  with  what  degree  of  justice. 

Traumatic  lesions,  a  blow,  a  jar,  a  fall  upon  the  spinal  col- 
umn, are  among  the  causes,  the  efficacy  of  which  we  should  be 
most  inclined  to  recognize. 

The  influence  of  pregnancy  and  the  puerperal  state  are  quite 
uncertain.  These  might  more  readily  be  believed  to  give  occasion 
for  the  appearance  of  the  first  symptoms  where  the  neoplasm 
already  existed  but  was  as  yet  latent. 

It  cannot  be  regarded  as  settled  Avhetlier  severe  frigid,  pro- 
longed trouble,  and  the  like,  are  capable  of  causing  the  develop- 
ment of  a  tumor  of  the  spinal  cord. 

It  is  certain,  however,  that  some  general  diseases  and  dyscra- 
sias  are  capable  of  occasionally  becoming  localized  in  the  spinal 
cord.  This  is  true  of  scrofula  and  tuberculosis,  as  shown  by 
tubercle  of  the  cord  :  of  syphilis,  as  shown  by  spinal  gummata. 

We  know  of  nothing  further  to  say  with  reference  to  the  etiol- 
ogy of  intramedullary  tumors. 
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SijTrvptomatology. 

The  picture  of  disease  by  which  tumors  of  the  spinal  cord 
betray  themselves  is  exceedingly  variable  in  different  cases  ;  it  is 
manifold,  and  generally  at  the  same  time  so  uncertain  that  there 
can  ordinarily  be  no  such  thing  as  a  positive  recognition  of  the 
same.    This  lies  in  the  very  nature  of  the  case. 

Either  a  more  or  less  complete  paraplegia  appears,  with  all 
the  usual  signs  observed  in  every  myelitis  from  compression 
(paralysis  of  motion,  sensation,  and  of  the  bladder,  increased  re- 
flex action  ;  finally,  atrophy,  bed-sores,  etc.).  The  development 
of  this  paraplegia  sometimes,  though  by  no  means  always,  occurs 
with  lively  excentric  pain,  shooting  pains  in  the  limbs,  constrict- 
ing pains  like  a  girdle,  etc.,  similar  to  the  symptoms  in  meningeal 
tumors,  with  parsesthesia,  local  atrophy,  and  the  like  ;  sometimes 
it  comes  on  with  vague  and  uncertain  symptoms  (parsesthesia, 
weariness,  stiffness,  slight  atrophy,  etc.)  lasting  for  a  long  time, 
until  the  paraplegia  then  suddenly  and  somewhat  rapidly  de-. 
velops  itself,  evidently  caused  by  a  rapidly  spreading  transverse 
myelitis,  or  it  may  be  by  hemorrhage  into  the  tumor  itself  and 
its  surroundings. 

Or  a  quite  partial  paralysis  is  at  first  developed,  which  may 
remain  for  a  long  time  confined  to  one  upper  extremity,  for  in- 
stance, and  then,  in  an  irregular  manner,  seize  the  other  extrem- 
ities until  the  paraplegia  has  become  complete.  In  such  cases, 
too,  the  symptoms  of  a  unilateral  lesion  have  been  observed  for 
quite  a  long  while  (cases  of  Scliolz,  Gendrin),  which  have  then,  in 
the  further  progress  of  the  affair,  developed  into  complete  para- 
plegia. Or  various  other  groups  of  symptoms  are  called  forth 
(progressive  muscular  atrophy,  symptoms  of  tabes,  signs  of 
spasmodic  spinal  paralysis,  etc.)  according  to  the  position,  seat, 
and  principal  direction  of  development  of  the  tumor. 

In  not  a  few  cases  the  manifestations  during  life  are  exceed- 
ingly insignificant,  and  one  is  astonished,  on  making  a  post-mor- 
tem examination,  to  find  such  extensive  changes  in  the  spinal 
cord.    This  seems  to  be  especially  the  case  when  a  tumor  quite 

centrally  developed  crowds  the  substance  of  the  cord  apart,  and 
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does  not  entirely  destroy  it.  Th,  Simon  has  even  reported  sev- 
eral exceedingly  remarkable  cases  which  ran  their  course  entirely 
without  any  symptoms. 

But  when  it  is  not  a  question  of  just  such  quite  exceptional 
instances,  then  the  picture  of  the  disease  is  usually  that  of  a 
transverse  myelitis,  being  more  or  less  rapidly  developed  and 
extending  over  a  transverse  section  of  the  cord.  Sometimes  the 
disease  runs  a  more  acute,  sometimes  a  more  chronic  form,  and  it 
is  but  seldom  that  in  this  picture  the  presence  of  a  tumor  can  be 
recognized  as  the  cause  of  the  transverse  myelitis. 

In  some  single  instances  the  disease  also  appears  under  the 
picture  of  a  slowly  ascending,  chronic,  spinal  affection,  which 
runs  its  course  under  the  most  complicated  manifestations,  and 
does  not  present  the  picture  of  the  previously  described  chronic 
diseases  of  the  general  system  ;  therefore,  represents  more  the 
picture  of  a  diffuse  ascending  myelitis.  In  still  rarer  instances 
one  may  also  recognize  a  descending  extension  of  the  neoplasm, 
or  of  the  myelitis  caused  thereby,  within  the  gray  substance,  by 
the  subsequent  disappearance  of  reflex  excitability,  the  occur- 
Tence  of  extensive  muscular  atrophy,  etc. 

The  attempt  has  thus  far  been  made  in  vain  to  secure,  from 
amongst  the  individual  symptoms,  at  least  a  few  fixed  points 
on  which  to  base  the  diagnosis  of  intramedullary  tumors. 
The  following  have  been  claimed  as  such.  A  somewhat  long 
antecedent  history  of  active  local  manifestations  of  irritation, 
belt-like  pains,  excentric  pains,  definite  parsesthesias,  local  paral- 
yses, as  in  meningeal  tumors ;  early  and  well-marked  atrophy, 
which  points  to  a  larger  involvement  of  the  gray  substance ; 
striking  fluctuations  in  the  course  of  the  disease,  spontaneous 
improvement,  and  equally  spontaneous  growing  Avorse  again 
.(Schueppel)  ;  and  finally,  Schueppel  has  also  tried  to  connect 
the  occurrence  of  scoliosis  (curvature  of  the  spinal  column  to  the 
;side  on  which  the  tumor  is  situated)  with  the  presence  of  a 
tumor.  In  this  he  is  doubtless  wrong,  as  this  manifestation 
merely  depends  on  unilateral  paralysis  of  the  muscles  of  the 
back,  which  may  depend  on  all  sorts  of  causes.  Whoever  is  at 
:all  familiar  with  the  story  of  chronic  spinal  diseases  will  readily 
isee  tliat  all  these  symptoms  are  of  but  very  subordinate  signifi- 
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cance,  and  will  never  justify  a  positive  conclusion  as  to  tlie  pres- 
ence of  a  tumor. 

The  termination  of  tumors  of  the  spinal  cord  is  doubtless  in 
the  majority  of  instances  fatal,  with  the  single  exception  of 
sypliilomata,  in  which  energetic  specific  treatment  may  bring 
about  a  cure. 

The  fatal  termination  may  be  brought  about  in  various  ways. 
After  the  disease  has  perhaps  remained  latent  for  a  considerable 
time,  or  has  only  betrayed  itself  by  slight  and  insignificant  mani- 
festations, an  acute  aggravation  thereof  suddenly  occurs,  and  the 
disease  then  runs  its  course  to  death  under  the  picture  of  an 
acute  or  subacute  transverse  myelitis. 

Or  the  affection  progresses  slowly,  more  and  more  compli- 
cated and  severe  symptoms  showing  themselves  gradually  ;  the 
evidences  of  paralysis  take  an  ascending  course,  disturbances  of 
respiration,  paralysis  of  deglutition,  etc.,  are  added  thereto,  and 
bring  about  the  end. 

Or  death  is  induced  by  intercurrent  diseases  developed  dur- 
ing the  progress  of  the  spinal  difficulty  (typhus,  variola,  and  the 
like),  to  which  the  patient  is  perhaps  able  to  offer  less  than  the 
usual  amount  of  resistance. 

The  duration  of  the  disease  is  not  easily  determined,  as  we 
can  generally  arrive  at  no  certainty  with  regard  to  the  beginning 
of  the  development  of  the  tumor,  unless  very  positive  causes  for 
the  same  can  be  demonstrated.  As  a  rule,  however,  but  a  few 
years  elapse  from  the  beginning  of  the  symptoms  to  the  fatal 
termination — sometimes  but  a  few  months. 

Diagnosis. 

It  is  evident,  from  what  has  been  said  above,  that  the  diagno- 
sis of  an  intramedullary  tumor  is  but  very  rarely  possible.  As 
a  rule,  one  will  have  to  be  content  with  making  out  a  distinctly 
localized,  more  or  less  extended,  chronic  spinal  affection,  under 
which  one  may  only  in  exceptional  cases,  with  a  certain  degree 
of  probability,  conjecture  the  presence  of  a  tumor.  This  prob- 
ability may  rest  upon  the  etiological  conditions  which  may  hap- 
pen to  be  present ;  upon  the  demonstration  of  some  previous 
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traumatic  cause,  or  existing  scrofula,  or  tuberculosis,  or  syphi- 
lis. Among  the  symptoms  those  which  perhaps  deserve  special 
consideration  are  the  fluctuations  in  the  intensity  of  the  paraly- 
tic manifestations,  the  not  complete  interruption  of  spinal  con- 
duction ;  furthermore,  it  may  awaken  suspicion  of  a  tumor  if 
the  evidences  of  central  myelitis  or  of  hsematomyelia  supervene 
upon  those  of  a  long-continued,  insidious  spinal  affection. 

If  once  the  general  presence  of  a  tumor  within  the  spinal 
canal  has  become  probable,  it'will  still  be  difficult  to  distinguish 
an  intramedullary  from  a  meningeal  tumor.  An  argument  in 
favor  of  the  former  will  be  found  in  the  slighter  intensity  of  the 
initial  signs  of  irritation  and  in  the  frequently  occurring  gradual 
upward  advance  of  the  disease.  A  positive  conclusion,  however, 
will  but  rarely  be  possible. 

Prognosis. 

The  prognosis  of  spinal  tumors — with  the  exception  of  the 
syphilomata — is,  of  course,  absolutely  unfavorable.  In  the  ma- 
jority of  cases,  however — in  view  of  the  defective  diagnosis — this 
is  first  clearly  brought  to  our  view  by  the  fatal  termination  of  the 
case. 

Therapeutics. 

Consistently  with  the  above  statements  we  have  to  admit  that 
our  therapeutics  are  generally  quite  hopeless.  It  is  only  when 
syphilis  exists  that  we  shall  attain  any  results  by  energetic  med- 
ication directed  against  this  disease.  We  know  at  present  of  no 
remedy  for  the  other  neoplasms.  And  yet  we  would  not  for  that 
reason  oppose  any  attempt  that  may  be  made  with  iodide  of 
potassium,  arsenic,  iodide  of  iron,  cod-liver  oil,  etc. 

As  a  rule,  we  shall  have  to  confine  ourselves  to  the  treatment 
directed  against  subacute  and  chronic  myelitis,  which  has  been 
explicitly  set  forth  in  previous  sections,  until  we  have  convinced 
ourselves  and  the  patient  of  the  hopelessness  of  all  further  at- 
tempts at  a  cure. 
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19.  Secondary  Degenerations  of  the  Spinal  Cord. 

L.  Tuerek,  TJeber  ein  bisher  unbekanates  Verhalten  des  R.-M.  bei  Hemiplegien 
Zeitschr.  d.  Ges.  d.  Acrzte  in  Wien  1850.  Heft.  l.—L.  Tuerch,  Ueber  secun- 
diire  Erkrankung  einzelner  Ruckcnmarksstriinge  und  ihrer  Fortsetzungen  zum 
Gehirn.  Sitzungsber,  d.  kais.  Akadem.  d.  Wiss.  Matliem.-naturw.  Classe.  Bd. 
VI.  S.  288-312.  1851  und  Ibid.  Bd.  XI.  S.  93.  IQ^Z.—Leyden,  Ueber  graue 
Degener.  des  R.-M.  III.  Deutsch.  Klin.  1863.  Nr.  13.— ^ouctercZ,  Des  degen- 
erations secondaires  d.  1.  moiJlle  6pin.  Arch.  gSner.  de  med.  18C6.  Vol.  I.  pp. 
272,  441,  561.  Vol.  II.  p.  273. — Charlt.  Bastian,  Case  of  Concussion-lesion  with 
Extensive  Secondary  Degeneration  of  the  Spinal  Cord,  etc.  Med.  Chir.  Trans. 
L.  pp.  499.  537.  1867.— J3:  0.  Barth,  Ueber  secund.  Degener.  des  R.-M.  Arch, 
d.  Heilk.  X.  S.  433.  1869. — Vulpian,  Experiences  relat.  a  la  pathogCnie  des 
atrophies  second,  d.  1.  m.  6p.  Arch.  d.  Physiol.  II.  p.  221.  p.  661.  1869.  III. 
p.  521.  1870. —  We»tphal,  Ueber  ein  eigenth.  Verhalten  secundar.  Degenerat. 
des  R.-M.  Arch.  f.  Psych,  u.  Nervenkrankh.  II.  S.  374.  1870.— Ueb.  kiinstl, 
erzeugte  secund.  Degener.  einzelner  Riickemarksstriinge.  Virch.  Arch.  Bd.  48. 
S.  516.  1869.  und  Arch.  f.  Psych,  u.  Nerv.  II.  S.  415.  1870.— TF.  Mueller, 
Beitrage  zur  pathol.  Anat.  und  Physiol,  des  R.-M.  Leipzig.  1871.  Beob.  1. —  G. 
Lange,  Forelaesninger  over  Rygmarv.  Patologi.  1.  Heft.  Kopenhagen.  1871. 
Fall  von  Myelit.  interstit.  chronica.  Hosp.  Tid.  14.  Aarg.  1871  (s.  Virchow- 
Hirsch,  Jahresber.  pro  1871.  Bd.  II.  S.  77). — 0.  Lange,  Om  Icdnings  forhol- 
dene  i  Rygm.  Bagstrange,  etc.  Nord.  med.  Arkiv  IV.  Nr.  11.  1872  (s.  Vir- 
chow-Hirsch,  Jahresber.  -pvo  1872.  Bd.  II.  S.  79). — Tli.  Simon,  Tumor  im  Sack 
der  Dura  spin.,  die  Cauda  equina  comprimirend,  rait  fortgeleit.  Degener.  d. 
Hinterstriinge  u.  s.  "w.  Arch.  f.  Psych,  u.  Nerv.  V.  S.  144.  1874. — Leyden, 
Klinik  der  Ruckcnmarkskrankh.  II.  S.  301-317.  1876.— F.  Zur  Lchre 

von  der  secund.  Degener.  des  R.-M.  Centralbl.  f.  d.  med.  Wiss.  1876.  Nr.  10. 
— A.  Pitres,  Atroph.  muscul,  consdcut.  5  une  sclferose  descend.  Progrfea  m^d. 

1876.  Nr.  8. — Des  deg6n6rat.  second,  d.  1.  m.  (jpin.  dans  les  cas  de  lesions  cor- 
ticales.  Gaz.  mCd.  de  Par.  1877.  Nr.  3. — Charcot,  Legons  sur  les  localisat. 
dans  les  malad.  du  cerveau.  1,  fasc.  1876.  p.  145-168. — P.  Flechsig,  Die  Lei- 
tungsbahnen  im  Gehirn  und  R.-M.  des  Menschen.  Leipzig,  1876.  S.  230  fP. — 
Ueber  Systemerkrankungen  im  R.-M.  Arch.  d.  Heilk.  XVIIL  8.  101  S.  289. 

1877.  — P.  Schiefferdeclcer,  Ueber  Regeneration,  Degenerat.  u.  Architectur  des 
R.-M.  Virch.  Arch.  Bd.  67.  S.  542-614.  1876. 

A.  Vulpian,  Influence  de  Tabolition  des  fonct.  des  nerfs  sur  la  rCgion  d.  1.  m.  (Spin., 
qui  leur  donne  origine.  Exam.  d.  1.  moiSlIe  dans  des  cas  d'amputat.  d'an- 
cienne  date.  Arch,  d.  Physiol.  L  p.  443.  1868.— Sur  les  modific.  qui  se  pro- 
duis.  dans  1.  m.  6pin.  sous  I'influence  de  la  section  des  nerfs  d'un  membre.  Ibid. 
II.  p.  675.  Dickinson,  On  the  Changes  in  the  Nervous  System  which 

Follow  the  Amputation  of  Limbs.  Journ.  of  Anat.  and  Physiol,  Nov.  1868. — 
Friedreich,  Ueber  progress.  Muskelatrophic  u.  s.  w.  Berlin,  1870.  S.  138. — Ley- 
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den,  1.  c.  II.  S.  314.  1876. — A.  Gemmer,  Veitinderung  im  R.-M.  eines  Ampu- 
tirten.  Virch.  Arch.  Bd.  66.  S.  265.  1876. 
G.  Hayem,  Dcs  alterations  d.  1.  moiiUe,  cons6cut.  it  Tarrachement  du  nerf  sciatique 
Chez  le  lapin.  Arch.  d.  Physiol.  V.  p.  504.  1873.— Compt.  rend.  Vol.  78.  p. 
291.  1871. 

History. 

We  are  indebted  to  L.  Tuerck  (1851  and  1853)  for  the  discov- 
ery and  the  most  thorough  examination  of  certain  secondary 
processes  of  degeneration  wliich  frequently  occur  within  the  spi- 
nal cord.  He  was  the  first  to  make  extensive  reports  with  regard 
to  these  processes,  and  his  observations,  which,  in  spite  of  the 
defective  methods  of  examination  then  employed,  still  pass  mus- 
ter at  the  present  day,  gave  us  a  well-nigh  exhaustive  explana- 
tion of  the  state  of  things,  to  wliich  the  most  recent  research 
has  added  but  little. 

Some  few  observations  belonging  under  this  head  doubtless 
received  passing  notice  even  before  Tuerck' s  time;  thus,  for 
instance,  in  the  "  Sepulcretum "  of  Bonetus.  Cruveilhier  also 
found  secondary  atrophy  extending  to  the  pons  and  the  pyra- 
mids in  diseases  of  the  brain,  though  he  found  nothing  of  this  in 
the  spinal  cord  itself.  Rokitansky  had  the  same  experience. 
Tuerck,  however,  was  the  first  one  who  thoroughly  and  almost 
definitively  cleared  up  the  question  of  secondary  degenerations 
within  the  spinal  cord.  His  statements,  however,  chiefiy  refer 
to  the  localization  and  extension  of  the  process  under  various 
circumstances. 

The  first  somewhat  more  accurate  teachings  with  regard  to 
the  histological  conditions  in  secondary  degeneration  are  those 
of  Leyden,  in  1863. 

After  various  French  and  other  observers  (Charcot,  Cornil, 
and  others)  had  published  single  cases  which  belonged  under  this 
head,  Bouchard  (in  1866)  issued  a  work  treating  of  this  question 
in  all  its  phases,  in  the  most  masterly  manner,  wherein  he  not 
only  sets  forth  the  pathologico-anatomical  relations,  but  also 
most  specifically  the  pathogenesis  and  symptomatology  of  sec- 
ondary degenerations. 
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The  communications  wliicli  followed,  consisting  cliiefly  of 
reports  of  cases,  developed  nothing  new  that  was  of  any  signifi- 
cance. The  only  thing  of  importance  was  the  demonstration 
furnished  by  Westphal — previously  sought  in  vain  by  Vulpian, 
but  afterwards  confirmed  by  him — that  secondary  degeneration 
could  also  be  experimentally  produced  in  dogs.  This  is  a  fact 
of  which,  alas !  no  one  has  as  yet  availed  himself  for  the  purpose 
of  submitting  to  an  experimental  test  various  still  obscure  ques- 
tions connected  with  secondary  degeneration. 

Quite  recently  again  the  doctrine  of  secondary  degenerations 
has  been  materially  advanced,  and  in  some  respects  cleared  up, 
by  two  important  and  larger  works.  Flechsig,  in  his  compre- 
hensive work  on  the  paths  of  conduction  within  the  human  spi- 
nal cord,  has  also  examined  and  tested  secondary  degenerations 
more  carefully,  has  compared  the  results  of  this  testing  with  the 
very  noteworthy  results  of  his  investigations  into  the  history  of 
development,  and  has  found  them  to  agree  in  a  way  that  is  en- 
tirely satisfactory.'  Schiefferdecker  too,  has,  at  least  in  one 
direction,  most  carefully  worked  up  a  large  amount  of  experi- 
mental material  (in  dogs  Avhose  spinal  cord  von  Goltz  and  Freus- 
berg  had  divided  at  a  certain  point,  for  purposes  of  physiological 
investigation).  He  has  fully  confirmed  the  former  doctrines 
and  somewhat  extended  them. 

In  spite  of  all  this,  many  a  problem  still  remains  to  be  solved, 
and  although  the  examination  of  secondary  degenerations  has 
already  been  of  the  greatest  value  in  advancing  our  knowledge 
of  anatomical,  physiological,  and  pathological  problems,  yet  just 
at  this  very  point  there  is  still  a  rich  field  for  experimental  inves- 
tigations, which  will  undoubtedly  lead  to  numerous  and  impor- 
tant results. 

Etiology  and  Pathogenesis. 

Since  the  investigations  of  Tuerck,  it  is  known  that  certain 
diseases  of  foci  lying  outside  of  the  spinal  cord  (especially  within 

'  In  his  work,  in  the  ArcMv  der  JTeilkundo,  which  la  as  yet  but  partly  made  public, 
Fleclmg  returns,  in  a  more  detailed  manner  and  with  more  positive  declarations,  to  the 
question  of  secondary  degenerations. 
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the  brain),  and  having  a  definite  seat,  are  followed  by  a  secondary- 
disease  of  quite  definite  paths  of  conduction,  which  disease  is 
extended  for  great  distances  into  the  spinal  cord  ;  and  that  simi- 
larly, in  certain  diseases  within  the  cord,  secondary  disease  of 
quite  definite  paths  of  conduction  extends  upward  as  well  as 
downward,  far  beyond  the  limits  of  the  original  focus  of  disease. 
Finally,  the  same  thing,  even  though  to  a  more  limited  degree, 
holds  true  of  certain  diseases  of  the  peripheral  nerve-tracts. 

Therefore,  in  diseases  which  are  either  developed  in  its  own 
substance  or  in  some  portion  of  the  nervous  system  lying  outside 
of  the  same,  the  spinal  cord,  in  a  portion  of  its  tracts,  is  seconda- 
rily involved  in  disease,  and,  indeed,  as  has  appeared  on  more  care- 
ful observation,  this  occurs  in  a  perfectly  regular  manner  and 
according  to  certain  laws.  Those  changes  in  the  spinal  cord 
which  are  thus  caused  are  designated  as  secondary  degenera- 
tions. They  act  quite  differently,  according  to  the  seat  of  the 
lesion  which  causes  them.  We  must  therefore  distinguish  seve- 
ral groups. 

a.  Secondary  degeneration  of  tlie  spinal  cord  in  diseases  of 
the  train.  Tliis  is,  of  course,  always  descending  in  its  progress, 
and  is  as  good  as  exclusively  confined  to  the  so-called  "pyram- 
idal tracts"  (Flechsig) ;  that  is,  on  the  one  hand,  to  the  motor 
conduction-tracts  united  into  a  large  bundle  in  the  posterior  half 
of  the  lateral  columns  ("  Pyramidenseitenstrangbahnen  ")  :  on 
the  other  hand,  to  the  uncrossed  pyramidal  tracts  lying  together, 
usually  in  a  narrow  bundle  at  the  inner  surface  of  tlie  anterior 
columns  ("  Pyramiden-Vorderstrangband ' '  — Flechsig,  ' '  Hulsen- 
Vorderstrangband ' ' — Tuerclc). 

This  degeneration  can  be  followed  upward  through  the  pyra- 
mids and  the  pons  into  the  crnra  cerebri  and  the  fibrillations  of 
the  inner  capsule  ;  it  extends  downward,  always  growing  nar- 
rower and  becoming  limited  to  a  smaller  number  of  fibres,  into 
the  lumbar  portion  of  the  cord,  to  disappear  gradually  in  the 
lower  half  of  the  same. 

Descending  secondary  degeneration  of  the  pyramidal  tracts 
occurs  in  all  destructive  diseases  of  the  brain  which  involve  the 
direct  motor  paths  between  the  pyramids  and  the  corona  radiata 
(perhaps  more  accurately  the  direct  motor  tracts  of  the  inner 
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capsule — Charcot).  This  degeneration  is  called  forth  by  effusions 
of  blood,  foci  of  softening,  neoplasms,  scleroses,  and  chronic 
inflammations,  which  to  any  considerable  extent  involve  the 
pons,  the  peduncles,  the  optic  thalamus  and  corpus  striatum,  the 
lenticular  nucleus,  etc.  It  has  also  been  found  in  chronic  hydro- 
ceplialus  (F.  Schultze).  An  indispensable  prerequisite  to  the 
occurrence  of  this  degeneration,  however,  seems  to  be  that  the 
direct  motor  tracts  which  run  from  the  pyramids  to  the  inner 
capsule '  must  be  involved  in  tlie  lesion ;  affections  which  are 
rigidly  confined  to  the  gray  substance  of  the  lenticular  nucleus, 
the  optic  thalamus  or  the  corpus  striatum,  call  forth  no  secondary 
degeneration  (Charcot). 

It  is  furthermore  demonstrated  that  lesions  of  any  consider- 
able extent  in  the  centrum  ovale,  in  case  they  are  not  situated 
too  far  from  the  foot  of  the  corona  radiata,  call  forth  this  degener- 
ation. 

Finally,  it  appears,  from  both  older  and  more  recent  observa- 
tions (Tuerck,  Bouchard,  Charcot,  Pitres,  Flechsig),  that  this 
descending  degeneration  also  takes  place  in  diseases  of  the  cortex 
of  the  brain  (if  they  are  not  very  superficial  only) ;  but  this  is 
only  true  when  such  lesions  are  situated  in  the  so-called  "  motor 
sections  "  of  the  hemispheres — in  the  central  convolutions  and 
their  immediate  neighborhood.  Here  even  a  comparatively  small 
focus  of  disease  is  sufiicient  to  cause  the  degeneration,  while  in 
the  7^07^-raotor  portions  of  the  brain-cortex  even  larger  lesions 
exist  without  secondarj'"  degeneration. 

In  all  these  brain  affections,  therefore, — and  they  constitute 
no  small  number  of  brain  diseases  generally, — after  the  lesion 
has  existed  for  some  time,  descending  degeneration  of  the  pyram- 
idal tracts  takes  place,  and  in  the  spinal  cord  this  is  situated 
on  the  opposite  side  from  the  brain-lesion  in  the  lateral  columns 


'  I  see  by  the  continuation  of  FlecJisuJa  work  in  the  ArcJdv  dcr  Jleilkundc,  which 
has  appeared  since  the  completion  of  my  manuscript,  that  tlie  statements  of  Charcot 
and  Flechsig  materially  differ  with  regard  to  the  position  of  the  pyramidal  tracts  with- 
in the  inner  capsule.  Charcot  places  them  in  the  anterior,  FlecJisig  in  the  posterior 
divisions  of  the  inner  capsule.  This  question,  which  can  doubtless  bo  definitely  settled 
by  further  investigations,  is  of  primary  interest  in  connection  with  the  pathology  of 
the  brain. 
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(therefore  crossed)  and  on  the  same  side  with  the  brain-lesion  in 
tlie  anterior  columns.  Flechsig  has  shown  that  these  two  tracts 
are  doubtless  physiologically  of  the  same  significance  or  function, 
and  that  the  pyramidal  tracts  are  distributed  variously  to  the 
lateral  and  anterior  columns,  so  that  in  one  case  all  the  pyram- 
idal tracts  run  through  the  crossed  lateral  column,  in  another 
case  a  great  part  of  the  same  take  their  way  through  the  anterior 
column  of  the  same  side.  In  secondary  degeneration,  therefore, 
the  circumstances  of  this  distribution  may  also  vary. 

The  case  made  public  by  F.  Schiiltze  must,  thus  far,  be  considered  as  standing 
alone.  In  a  sarcoma  of  the  anterior  division  of  the  corpus  callosum  there  was  de- 
scending degeneration  in  the  external  posterior  columns  ["  Keilstrang  " — "  Funi- 
culus cuneatus "  of  Burdach],  reaching  down  to  the  dorsal  portion  of  the  cord, 
wliile  GoU's  columns  and  the  lateral  columns  were  free.  The  microscope  showed 
absence  of  the  greater  part  of  the  axis-cylinders  and  marked  atrophy  of  those  that 
remained  ;  the  medullary  sheath  was  chiefly  preserved,  the  neuroglia  not  increased, 
no  proliferation  of  nuclei,  no  granule-cells,  no  fatty  degeneration  of  the  vessels — 
therefore  a  picture  differing  from  tlae  one  usually  found  in  secondary  degeneration. 
The  entire  condition  of  things  in  this  case  is  unique,  if  not  inexplicable,  and  it 
may  therefore  seem  doubtful  whether  it  belongs  here  at  all. 

h.  Secondary  degeneration  of  the  spinal  cord  in  diseases  of 
the  cord  itself. — In  all  severe  diseases  of  the  spinal  cord  (trans- 
verse myelitis,  myelitis  from  compression,  hsematomyelia,  sclero- 
sis, tumors,  etc.),  as  we  have  already  stated  in  various  places  in 
this  book,  if  these  diseases  involve  the  entire  transverse  section 
of  the  cord,  or  also  certain  definite  portions  of  the  same,  second- 
ary degeneration  of  definite  divisions  of  the  cord  will  take  place. 

If  the  disease  involves  the  entire  transverse  diameter,  or  at 
least  the  greater  portion  thereof,  ascending  as  well  as  descending 
degeneration  will  be  found  as  soon  as  the  affection  has  lasted  a 
certain  length  of  time. 

Ascending  degeneration  extends  :  a,  to  the  posterior  columns, 
and  especially  to  the  inner  halves  of  the  same,  which,  in  the  up- 
per division  of  the  spinal  cord,  are  more  sharply  divided  from 
the  outer  halves,  and  are  generally  known  under  the  name  of 
"tender  columns,"  or  "Goll's  columns."  In  the  immediate 
neighborhood  of  the  lesion  the  degeneration  extends  to  the  entire 
width  of  the  posterior  columns,  but  it  very  soon  becomes  strictly 
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limited  to  Goll's  columns,  diminishes  in  extent  as  it  ascends,  but 
can  always  be  followed  into  the  restiform  bodies,  where  it  ends. 
This  form  of  ascending  degeneration  is  very  frequent,  and  is 
generally  easy  to  recognize  by  its  sharp  limitation,  and  usually 
ver}^  distinct  gray  discoloration. 

yS.  Ascending  degeneration,  again,  may  occupy  a  narrow  zone 
at  the  outer  peripliery  of  the  posterior  lateral  column,  which 
begins  with  its  greatest  width  at  the  point  of.  the  gray  posterior 
horn,  and  extends  forward  over  the  greater  part  of  the  periphery 
of  the  lateral  column,  as  a  border  which  is  all  the  while  growing 
narrower.  This  degenerated  zone  can  be  followed  upward  to  the 
cerebellum.  It  was  known,  although  but  imperfectly,  to  Tuerck, 
was  afterwards  often  overlooked,  and  has  recently  again  been 
restored  to  its  legitimate  place,  and  more  carefully  studied  by 
Flechsig  and  Scliiefferdecker.  The  tract  thus  degenerated,  which 
closely  and  intimately  touches  the  descending  degenerated  pyram- 
idal tract  of  the  lateral  column,  is  designated  by  Flechsig  as 
the  "direct  cerebellar  tract  of  the  lateral  column"  ("directer 
Kleinhirn-Seitenstrangband  "). 

Descending  degeneration  in  affections  of  the  spinal  cord  also 
extends  almost  exclusively  to  the  "pyramidal  tracts,"  just  in 
the  same  manner  as  in  diseases  of  the  brain,  that  is,  with  variable 
distribution  to  the  tracts  in  the  posterior  lateral  columns  and  the 
tracts  in  the  internal  anterior  columns,  only  with  the  non-essen- 
tial difference  that  here  the  gray  degenerated  spot  in  the  lateral 
column  usually  has  a  somewhat  larger  extent.  Naturally  in 
spinal  affections  the  descending  as  well  as  the  ascending  degener- 
ation is  generally  bilateral. 

Aside  from  this,  Schiefferdecker  states  that  transverse  section 
of  the  anterior  and  lateral  columns  shows  scattered  fibres  of  de- 
scending degeneration,  but  they  are  only  to  be  found  in  the 
neighborhood  of  the  point  of  lesion. 

In  lesions  which  only  affect  a  portion  of  the  transverse  section 
of  the  cord,  we  shall  also  find  only  correspondingly  partial  second- 
ary degenerations. 

Thus,  for  example,  in  traumatic  unilateral  lesions,  the  ascend- 
ing as  well  as  the  descending  degeneration  is  confined  to  the  side 
of  the  injury. 
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In  affections  that  are  confined  to  tlie fundamental  bundles  of 
the  posterior  columns  ("  Keilstrange  " — "  bandelettes  externes  ") 
we  meet  only  with  ascending  degeneration  of  Goll's  columns 
(perhaps  also  of  the  cerebellar  tracts  of  the  lateral  columns),  a 
condition  which  probably  exists  with  tolerable  regularity  in  tabes 
dorsalis. 

In  case  of  partial  lesion  of  the  lateral  columns  (a  circum- 
scribed sclerosis,  effusion  of  blood,  wound,  tumor,  etc.),  we  shall 
find  only  descending  degeneration  of  the  lateral  column  of  that 
side. 

It  has  not  yet  been  determined  whether  certain  lesions  of  the 
gray  substance  can  also  call  forth  secondary  degenerations,  and 
so  far  as  we  know  the  question  has  not  yet  been  very  closely 
investigated.  It  would  doubtless  be  worth  the  while  more  care- 
fully to  test  the  anatomical  conditions,  with  reference  to  this 
point,  in  amyotrophic  lateral  sclerosis,  in  the  spinal  paralysis  of 
children,  in  progressive  muscular  atrophy,  etc. 

c.  Secondary  degeneration  of  the  spinal  cord  in  disease  of 
the  peripheral  nerves.  Such  a  condition  is,  thus  far,  known  with 
certainty  to  exist  only  in  lesions  of  the  spinal  nerve-roots,  and, 
indeed,  it  would  appear,  only  of  the  posterior  roots.  A  certain 
number  of  observations  exists  (Cornil,  Th.  Simon,  C.  Lange, 
Ley  den)  in  which  tumors  on  the  cauda  equina  compressed  the 
nerve-roots  lying  within  the  same  without  directly  injuring  the 
spinal  cord  itself,  and  in  which  an  exquisite  ascending  degenera- 
tion of  the  posterior  columns  was  found,  extending  to  the  entire 
transverse  diameter  of  the  same  in  the  lumbar  region,  and  being 
limited,  higher  up,  to  Goll's  columns. 

Lesion  of  the  motor  roots,  or  lesion  (section,  crushing,  etc.)  of 
the  peripheral  nerve-trunks  is  not  followed  by  any  secondary  de- 
generation in  the  cord. 

After  having  thus  enumerated  the  causes  of  secondary  degen- 
erations in  the  spinal  cord,  we  have  to  add  that  the  pathogenesis 
of  the  same  is  by  no  means,  as  yet,  satisfactorily  cleared  up. 

Closer  observation  teaches  that  descending  degeneration  oc- 
curs in  undoubtedly  motor  pyramidal  tracts,  that  is,  in  those 
leading  in  a  centrifugal  direction,  only  when  conduction  in  these 
tracts  is  interrupted  at  some  point  of  their  course. 
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Furthermore,  that  ascending  degeneration  occurs  when  the 
posterior  roots — therefore,  tracts  leading  in  an  undoubtedly  cen- 
tripetal direction— are  interrupted  in  their  conduction  ;  likewise, 
if  the  posterior  columns,  which  are  probably  to  be  regarded  as  in 
great  part  leading  in  a  centripetal  direction,  are  injured  ;  and 
finally,  if  the  same  thing  happens  to  certain  tracts  of  the  lateral 
columns  (the  direct  cerebellar  tracts  of  the  lateral  columns). 
Whether  the  latter  lead  in  a  centrifugal  or  centripetal  direction 
is  not  yet  determined ;  at  all  events,  this  is  not  indicated  with 
entire  certainty  by  the  direction  in  which  these  tracts  degenerate 
on  the  interruption  of  conduction. 

Some  authors,  then,  explain  secondary  degenerations  simply 
as  follows  :  that  the  degeneration  follows  in  the  direction  in 
which  the  conduction  of  physiological  excitation  occurs,  and  that 
the  interruption  of  these  processes  of  conduction — the  functional 
inactivity  of  the  nerve- tracts — is  the  actual  cause  of  the  degener- 
ation. Therefore  the  motor  tracts  have  always  been  found  de- 
generated in  a  centrifugal,  the  sensitive  always  in  a  centripetal 
direction.  ' 

If  this  were  true,  then,  when  a  peripheral  nerve  was  cut 
through,  the  sensitive  fibres  ought  to  degenerate  only  in  a  cen- 
tripetal direction,  that  is,  in  the  central  piece,  the  motor  fibres 
only  in  a  centrifugal  direction,  that  is,  in  the  peripheral  piece. 
But  this  is  notoriously  not  the  case,  both  kinds  of  fibres  degen- 
erating in  a  centrifugal  direction  and  only  in  the  peripheral 
division  of  the  nerve. 

If  this  were  true,  then  in  every  descending  secondary  degen- 
eration of  the  pyramidal  tracts,  in  consequence  of  lesion  of  the 
brain  or  cord,  the  anterior  roots  and  the  motor  peripheral  neiT-es 
would  have  to  degenerate,  for  these,  too,  are  entirely  disturbed 
in  their  function.  The  contrary,  however,  is  true  ;  the  anterior 
roots  and  the  peripheral  motor  tracts  remain  intact  in  the  vast 
majority  of  cases  (if  no  special  complications  exist). 

The  view,  therefore,  that  the  degeneration  is  due  to  the  func- 
tional inactivity  cannot  be  looked  upon  as  sufficiently  well  found- 
ed, as  has,  indeed,  been  satisfactorily  proven  by  Bouchard. 

In  my  opinion,  the  only  conclusion  which  can  thus  far  be 
drawn  is,  that  secondary  degeneration  occurs  as  soon  as  certain 
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definite  conduction  tracts  are  separated  from  tlieir  tropliic  cen- 
tres^ their  centres  of  nutrition  (Bouchard,  C.  Lange,  and  others) 

Where  these  centres  (centres  of  development  ?  Flechsig)  lie, 
and  how  they  are  related  to  the  different  tracts,  is,  to  be  sure,  as 
yet  tolerably  unknown.  There  are  only  some  points  in  regard 
to  which  we  can  thus  far  draw  conclusions  with  more  or  less  prob- 
ability of  being  right ;  thus,  for  instance,  that  the  trophic  centres 
for  the  sensitive  tracts  ascending  with  the  posterior  roots  (there- 
fore, probably,  also  for  the  greater  part  of  the  tracts  subject  to 
ascending  degeneration)  are  probably  situated  in  the  spinal 
ganglia  ;  that  the  trophic  centres  for  the  anterior  roots  and  the 
motor  nerves  are  certainly  to  be  sought  in  the  gray  anterior  horns. 
But  it  is  as  yet  entirely  unknown  where  the  trophic  centres  for 
the  pj'^ramidal  tracts  lie ;  they  may,  perhaps,  be  situated  in  the 
gray  cortex  of  the  brain,  in  which,  according  to  recent  investiga- 
tions, large,  multipolar  ganglion-cells  have  also  been  found,  such 
as  exist  in  the  gray  anterior  horns  of  the  cord.  The  trophic  cen- 
tres for  the  direct  cerebellar  tracts  of  the  lateral  columns  are  also 
as  yet  entirely  unknown. 

Consequently  quite  an  array  of  important  problems  still  re- 
mains to  be  solved.  And  however  great  the  advantages  which, 
have  already  accrued  to  our  knowledge  of  the  anatomical  struc- 
ture and  physiological  functions  of  the  spinal  cord,  through  the 
study  of  secondary  degenerations,  it  is  equally  to  be  desired  that 
still  further  and  particularly  experimental  investigations  on  this 
highly  important  question  should  be  undertaken. 

Those  changes  in  the  spinal  cord  which  have  been  seen  to  arise  after  amputations 
and  the  resection  of  nerves  only  stand  in  a  very  distant  relation  to  actual  secondary 
degenerations.  After  amputation,  a  non-symmetrical  condition  of  tlie  spinal  cord 
has  been  found,  with  narrowing  of  the  entire  half  of  the  cord  on  the  side  of  the 
amputation,  sometimes  mostly  affecting  the  anterior,  and  sometimes  the  posterior 
column,  and  generally  also  involving  the  gray  substance.  Some  observers  report 
slight  histological  clianges,  diminution  in  size  of  the  ganglion-cells  and  nerve-fibres, 
very  slight  increase  of  connective  tissue,  possibly  some  diminution  in  the  number  of 
the  ganglion-cells ;  but  in  the  majority  of  instances  the  histological  condition  of  the 
spinal  cord  was  quite  normal.  The  asymmetry  was  generally  more  marlced  in  pro- 
portion to  the  youth  of  the  individual  at  tlie  time  of  the  operation,  and  tlie  length 
of  time  that  had  elapsed  since  tlie  operation.  No  doubt  here  it  is  a  question  in  part 
of  an  arrest  of  development  through  the  early  disuse  of  the  part ;  probably  partly, 
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also,  of  simple  atrophy  from  the  same  cause ;  and,  least  of  all,  also,  of  the  results  of 
a  chronic  irritative  process  travelling  along  tlie  nerves  from  the  point  of  amputation 
upward  into  the  spinal  cord.  All  this  requires  still  further  investigation.  Thus 
much,  however,  appears  to  be  certain  already,  that  tliese  changes  in  the  cord  arising 
after  amputations,  etc.,  have  nothing  to  do  with  the  secondai-y  degenerations  we  are 
here  considering ;  also  tliat  they  are  of  very  little  ijractical  significance. 

An  entirely  different  matter  is  tlie  condition  of  things  which  Hayem  found  in 
the  spinal  cord  of  squirrels  after  tearing  out  the  sciatic  nerve.  Here  it  is  a  question 
of  a  direct  wounding  of  tlie  spinal  cord,  and  of  a  traumatic  myelitis  arising  thence, 
the  more  careful  study  of  which  i^romises  to  be  of  great  importance  to  the  doctrine 
of  acute  central  myelitis.  E.^ceptionally  sucli  a  central,  ascending  myelitis  (whicli 
leads  to  progressive  atrophy  of  the  muscles)  also  arises  after  simple  resection  of  the 
trunk  of  the  sciatic  nerve  in  the  squirrel. 

Pathological  Anatomy. 

The  macroscopic  appearance  of  secondarily  degenerated  por- 
tions is,  in  general,  that  of  gray  degeneration,  more  or  less  dis- 
tinct and  pronounced ;  gray  or  grayish-yellow  discoloration  some- 
times disseminated  with  fine,  whitish  lines  (vessels  with  an  abun- 
dance of  granule-cells).  In  more  recent  cases,  a  brilliant,  pure, 
milk-white  color  is  also  to  be  recognized  (C.  Lange).  Not  seldom, 
however,  in  the  fresh  preparation,  nothing  at  all,  or  nothing  very 
definite,  can  be  seen  with  the  naked  eye;  and  thus,  in  a  fresh 
specimen  of  the  cord,  no  correct  idea  can  be  obtained  of  the 
existence  and  extent  of  the  secondary  degeneration.  This  is 
generally  brought  out  with  great  distinctness  by  the  familiar 
coloration  of  the  specimen  with  chromic  acid  (a  bright  yellow 
appearance),  and  can  then  be  very  well  recognized  ;  but  a  truly 
accurate  conclusion,  especially  with  reference  to  the  extent  of  the 
degeneration,  can,  after  all,  only  be  reached  by  microscopic 
examination. 

After  the  affection  has  lasted  a  considerable  time,  there  is 
generally  no  trouble  in  recognizing  distinct  atrophy  and  shrivel- 
ling of  the  degenerated  columns ;  the  form  of  a  transverse  section 
of  the  cord  may  appear  somewhat  altered  thereby,  the  gray  horns 
being  somewhat  displaced  in  one  direction  or  another.  In  one- 
sided degeneration,  particularly,  the  asymmetry  of  the  two  halves 
of  the  spinal  cord,  on  transverse  section,  thus  stands  out  dis- 
tinctly. 
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The  microscopic  conditions  have  not  yet  been  developed 
with  the  completeness  which  we  might  wish,  in  all  the  different 
stages  of  the  degenerative  process,  so  that  a  complete  account 
of  the  histological  processes  in  the  same  cannot,  as  yet,  be 
given  with  certainty.  The  statements  and  views  of  different 
investigators,  with  regard  to  the  method  and  the  essential 
character  of  the  process,  also  differ  as  yet  in  a  manner  that  is 
not  pleasing. 

In  considering  them,  we  must  separate  the  earlier  stages 
(which  are  far  from  being  satisfactorily  investigated  as  yet)  from 
the  later  stages  (which  come  under  observation  by  far  the  most 
frequently). 

In  the  earlier  stages  of  the  process  we  meet  principally  and 
almost  exclusively  with  alterations  in  the  nerve-fihres.  Their 
medullary  sheaths  are  found  sti'ikingly  altered  in  their  reaction 
with  carmine  and  osmic  acid ;  they  break  down  and  become 
fissured,  suffer  fatty  degeneration,  and  finally  disappear  alto- 
gether. For  some  time  the  axis-cylinders  alone  remain  (or  per- 
haps also  the  horny  sheaths  recently  discovered  by  Kuehne  and 
Evvald).  Along  with  these  processes  of  degeneration  an  exceed- 
ingly abundant  development  of  granule-cells  also  sets  in,  which 
gives  a  characteristic  appearance  to  the  microscopic  picture,  and 
which  formerly  served  exclusively  for  the  recognition  of  second- 
ary degeneration.  During  all  this  the  connective  tissue  is  not 
materially  increased  ;  this  does  not  occur  until  much  later.  On 
the  walls  of  the  vessels  an  abundant  deposition  of  fat-granules 
and  fatty  degeneration  may  be  recognized.  Aside  from  this, 
there  is  always  a  not  inconsiderable  number  of  well-preserved 
and  apparently  normal  nerve-fibres  to  be  observed. 

In  the  later  stages  the  degenerated  tissue  appears  shrunken, 
as  a  whole  ;  most  of  the  nerve  fibres  have  entirely  disappeared^ 
or  their  remnants  alone  can  still  be  demonstrated  as  narrow, 
rigid  fibres  (axis-cylinders  %  horny  sheaths  1).  The  tissue  of 
the  neuroglia  is  materially  increased.,  and  is  changed  into  a 
dense,  finely  fibrillar  tissue,  which  contains  numerous  nuclei  and 
spider-like  cells.  The  granule-cells  have  become  more  scanty, 
or  have  entirely  disappeared ;  not  rarely  numerous  corpora  amy- 
lacea  can  be  seen.    In  this  entirely  degenerated  tissue,  likewise, 
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single,  more  or  less  numerous,  well-preserved  nerve-fibres  are 
still  to  be  seen. 

It  is  evident,  then,  that  these  later  stages  of  the  process  are 
in  no  way  to  be  distinguished  from  ordinary'-  gray  degeneration 
(in  tabes,  multiple  sclerosis,  chronic  mj^elitis)  ;  the  histological 
picture  is  almost  exactly  the  same.  Whether  this  is  also  the 
case  in  the  earlier  and  earliest  stages,  we  must  leave  undeci- 
ded, as  no  investigations  especially  directed  to  this  point  exist ; 
indeed,  the  two  processes  (secondary  degeneration  and  primary 
sclerosis)  have  certainly  often  been  confounded  with  one  another. 
We  should  think  that  quite  considerable  differences  would  cer- 
tainly appear,  and  we  consider  it  as  one  of  the  most  important 
tasks  devolving  upon  the  students  of  the  pathological  anatomy 
of  the  spinal  cord,  finally  to  clear  up  these  fundamental  ques- 
tions. 

Not  until  this  is  done  shall  we  be  able  to  give  a  decided 
opinion  as  to  the  metliod  and  the  essence  of  this  degenerative 
process,  with  regard  to  which  the  views  of  different  authors  at 
present  materially  differ.  By  some  the  entire  process  is  regarded 
as  an  irritative  or  inflammatory  one,  which  propagates  itself 
directly  from  the  point  of  lesion  by  definite  tracts,  or  which  is 
developed  in  these  very  tracts  the  breaking  down  of  the 
nerve-fibres.  Almost  all  the  facts  in  the  case  argue  against  the 
theory  of  an  inflammatory  process  propagated  directly  from  the 
point  of  lesion ;  and  if  the  more  recent  statements  of  careful 
observers  are  correct,  that  the  first  changes  are  to  be  recognized 
exclusively  in  the  nerve-fibres,  and  that  alterations  in  the  con- 
nective tissue  do  not  occur  until  manj^  weeks  later,  then  it  will 
be  impossible  to  sustain  this  view.  After  comparing  all  the 
statements  now  before  us,  it  appears  to  us  most  probable  that  we 
have  here  to  deal  with  a  process  entirely  analogous  to  those 
changes  which  arise  in  peripheral  Tierves  after  they  have  been 
divided ;  that  secondary  degeneration,  therefore,  is  nothing  else 
than  the  degenerative  (neurotic)  atrojjhy  of  certain  definite  tracts 
of  the  spinal  cord  separated,  from  their  nutritive  centres.  We 
shall  have  to  leave  it  undecided  for  the  present,  whether  the  pro- 
liferation of  connective  tissue  which  arises  later  is  called  forth 
by  the  irritation  caused  by  the  products  of  degeneration  of  the 
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nerve-fibres,  or  whether  it  constitutes  an  essential  part  of  that 
degenerative  atrophy. 

Statements  differ  materially  with  regard  to  the  period  within 
which  secondary  degeneration  is  developed  after  the  occurrence 
of  a  lesion  which  causes  it.  Tuerck's  opinion,  that  about  half  a 
year  is  required  for  this  purpose,  is  evidently  incorrect ;  all  more 
recent  observations  have  approximated  the  end  of  the  period 
much  nearer  to  the  occurrence  of  the  causative  lesion,  and  in 
cases  falling  under  this  head  we  may  be  sure  of  finding  the 
degeneration  distinctly  developed  and  easily  recognizable  after 
four,  six,  or  eight  weeks.  Schielferdecker,  in  his  experiments 
on  dogs,  found  the  beginning  of  the  degeneration  at  the  end  of 
fourteen  days.  At  the  end  of  four  to  five  weeks  the  well-marked 
picture  of  the  same  was  completed,  and  it  was  not  until  the 
eighth  week  that  he  saw  changes  arise  in  the  connective  tissue. 

The  peculiar  form  of  degeneration  in  ring-shaped  figures,  which  Westi^hal 
described,  and  which  was  caused  by  a  massive,  peculiarly  localized  accumulation 
of  granule-cells,  has  not  been  seen  by  others,  and  its  significance  is  as  yet  entirely 
unknown.  C.  Lange  thinks  it  was  not  a  case  of  secondary  degeneration,  but  a 
peculiar  form  of  myelitic  alteration  ;  j^erhaps  it  belongs  under  the  head  of  what 
Schiefferdecker  calls  "  traumatic  degeneration." 

The  distribution,  as  to  space,  of  secondary  degeneration  in 
the  spinal  cord  is,  in  almost  all  cases,  strictly  according  to  rule, 
and  extremely  characteristic. 

Descending  degeneration  spreads  first,  in  all  cases,  to  the  pos- 
terior half  of  the  lateral  columns — not  entirely,  but  in  greater 
part  filling  out  the  space  between  the  periphery,  the  posterior 
gray  horn,  and  the  region  near  the  point  of  attachment  of  the 
ligamentum  denticulatum.  On  making  various  transverse  sec- 
tions, the  transverse  picture  of  the  degeneration  produced  is 
somewhat  varied  (see  Fig.  18). 

In  the  secondary  degeneration  which  follows  diseases  of  the 
brain,  the  degenerated  portion,  at  least  in  the  upper  half  of  the 
spinal  cord,  does  not  reach  the  periphery  of  the  lateral  column, 
but  remains  separated  from  the  pia  mater  by  a  narrow  margin  of 
sound  tissue,  and  is  generally  also  somewhat  separated  in  the 
same  way  from  the  limits  of  the  posterior  gray  horn.  Furtlier 
downward,  on  the  other  hand,  this  healthy  peripheral  margin 
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disappears,  and  the  degeneration,  although,  as 
a  whole,  it  has  grown  smaller,  reaches  entirely 
to  the  pia  mater  in  the  lower  dorsal  and  lum- 
bar portions  of  the  cord. 

The  secondary  degeneration  in  such  cases 
can  generally  be  first  demonstrated  in  the  me- 
dullary substance  of  the  crus  cerebri ;  then  in 
the  pyramid  of  the  same  side,  to  be  followed 
through  the  crossing  of  the  pyramids  into  the 
lateral  column  of  the  opposite  side  ;  the  greater 
part  of  the  degenerated  fibres  takes  this  course, 
while  a  smaller  part  often  remains  on  the  side 
of  the  lesion,  to  continue  its  course  downward 
in  the  pyramidal  tract  of  the  anterior  column 
of  the  same  side. 

The  degeneration  of  the  lateral  column  is 
most  extensive  in  the  cervical  portion,  and  here 
has  more  of  a  triangular  form,  with  the  apex 
directed  inward  (Fig.  18,  1  to  3) ;  in  the  dorsal 
portion  it  becomes  gradually  narrow  and  as- 
sumes more  of  a  roundish  form  (Fig.  18,  4  and 
5) ;  in  the  lumbar  portion  it  moves  more  to- 
wards the  peripher}^,  again  assumes  more  of  a 
triangular  form,  grows  narrower  and  narrower, 
finally  to  disappear  entirely  at  the  height  of 
the  origin  of  the  third  or  fourth  sacral  nerve 
(Fig.  18,  6  to  8). 

Aside  from  this,  in  descending  degeneration, 
the  inner  surface  of  the  anterior  column  (pyram- 
idal tract  of  the  anterior  column)  on  the  same 
side  with  the  cerebral  lesion  is  usually  found 
degenerated  to  a  greater  or  less  extent.  It 
constitutes  a  narrow  zone,  which  generally 
does  not  extend  as  far  down  the  cord  as  the 
degeneration  of  the  lateral  column,  but  disap- 
pears entirely  (Fig.  18,  1  to  6).  The  occurrence 
of  this  degeneration  depends  on  the  distribu- 
tion of  the  pyramidal  tracts  in  the  transverse 


Fio.  18.— Secondary  d*- 
scendtny  degeneration  of  the 
pyramidal  tracts  in  primnry 
lesion  of  the  left  Imlf  of  iho 
cerebrum.  Tho  pymmidal 
tracts  of  tho  Interiil  coluninn 
of  the  rifflit  side  of  tho  cord 
are  dcpfcnerated  down  to  tho 
lowest  portion  of  the  lumbar 
division  (1  to  8) ;  tho  pyram- 
idal tracts  of  tho  anterior 
columns  of  tho  l^t  side  are 
degenerated  as  far  down  m 
tho  bnp;inning  of  the  lumbar 
enlargement  (1  to  (!). 
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Fio.  19.— Jfye;«i»  tram- 
versa  dorsalis,  iclth  second- 
ary ascending  and  descend- 
tng  degeneraiiojis  (ha.\f  sche- 
matic).  Seat  of  the  lesion 
at  the  height  of  section  5. 
Above  this  (1  to  4),  second- 
ary ascendiua  degeneration 
in  Goll's  columns  and  the  di- 
rect cerebellar  tracts  of  the 
lateral  columns.  Below  the 
lesion  f6  to  8),  secondary  de- 
HceiiMng  degeneration  in  the 
pyramidal  trnots  of  the  late- 
ral and  anterior  columns. 


diameter  of  the  spinal  cord,  as  has  been  more 
carefully  investigated  by  Flechsig;  only  the 
pyramidal  tracts  degenerate.  Accordingly,  in 
one-third  of  all  the  cases  the  lateral  column 
alone  is  found  degenerated  ;  in  the  remaining 
two-thirds  the  degeneration  also  involves  the 
anterior  column  of  the  opposite  side.  Thus 
far  no  instance  has  been  found  of  degeneration 
of  the  pyramidal  tract  of  the  anterior  column 
alone. 

In  diseases  of  the  spinal  cord  the  relations 
of  descending  degeneration  are  precisely  the 
same.  Only  the  transition  into  the  original 
focus  of  disease  is  usually  very  gradual,  so 
that  the  secondary  degeneration  is  onl}'^  sepa- 
rable, little  by  little,  from  the  more  dilf  use  le- 
sion of  the  spinal  cord.  Here  the  degeneration 
everyvs^here  reaches  the  surface  of  the  cord 
and  can  generally  be  recognized  glimmering 
through  the  pia  mater  (Charcot,  C.  Lange). 
The  distribution  to  the  lateral  and  anterior 
columns  is  the  same  as  in  diseases  of  the  brain 
(Fig.  19,  6  to  8).  Naturally,  in  affections  of 
the  spinal  cord  the  degeneration  is  generally 
bilateral ;  still  it  may  also  be  the  same  in  bilat- 
eral brain  affections. 

Ascending  degeneration  of  the  posterior 
columns  involves  that  portion  of  the  posterior 
columns  lying  next  to  the  posterior  fissure, 
usually  having  a  very  sharp  outline  (Fig.  19, 
1  to  4).  In  the  upper  portions  of  the  cord  it  is 
strictl}''  confined  to  the  columns  of  Goll,  its 
apex  usually  not  quite  reaching  the  posterior 
commissure.  In  the  neighborhood  of  the  orig- 
inal focus  of  disease  the  degeneration  spreads 
over  the  entire  transverse  diameter  of  the  pos- 
terior columns,  thus  gradually  to  pass  over 
into  the  diffuse  lesion. 
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Above,  the  ascending  degeneration  extends  into  the  medulla 
oblongata  and  ends  here  with  the  "Funiculi  graciles"  (of  Bur- 
dach — "zarten  Strange"  of  Erb),  in  the  region  of  the  nuclei  of 
the  same. 

In  tumors  of  the  cauda  equina  with  secondary  degeneration, 
the  posterior  columns  are  degenerated  to  their  entire  width,  in 
the  lower  division  of  the  spinal  cord  ;  the  degenerated  zone  grows 
gradually  narrower  and  is  finally  strictly  limited  to  the  columns 
of  GoU  (Th.  Simon,  C.  Lange).  This  diminution,  according  to 
Schiefferdecker,  does  not  occur  progressively  and  uniformly,  but 
by  steps. 

Ascending  degeneration  in  the  lateral  columns  is  liable  to 
occupy  but  a  very  insignificant  amount  of  space.  It  appears  in 
the  form  of  a  narrow  peripheral  zone,  not  sharply  defined  towards 
the  inside,  which  begins  at  the  hindmost  end  of  the  lateral  col- 
umn and  extends  around  the  periphery  of  the  same  to  a  greater 
or  less  distance  forward — often  to  the  neighborhood  of  the  ante- 
rior columns  (Fig.  19,  1  to  4).  Below,  this  degenerated  zone 
arises  gradually  from  the  more  dijffuse  lesion  of  the  spinal  cord ; 
farther  up  it  can  always  be  traced  on  the  outermost  periphery  of 
the  cord  in  the  restiform  bodies  and  until  the  entrance  of  the 
same  into  the  cerebellum.  Schiefferdecker  states  that  this  sec- 
ondary degeneration  also  diminishes  by  steps. 

Secondar}'-  degenerations,  in  the  vast  majority  of  cases — in 
fact  we  may  s,^j  regularly — confine  themselves  to  the  white  col- 
umns of  the  cord.  The  gray  matter  generally  remains  entirely 
intact  (Tuerck,  Bouchard),  and  but  very  exceptionally  takes  part 
in  the  process.  Nevertheless,  in  descending  degeneration  of  the 
lateral  columns  a  spread  of  the  (irritative  ?)  process  to  the  gray 
anterior  horns  has  repeatedly  been  observed  (Charcot,  Pierres, 
Pitres),  resulting  in  degenei-ation  of  the  large  ganglion-cells  and 
muscular  atrophy.  This  has  thus  far  been  observed  principally 
in  the  cervical  enlargement,  but  belongs,  as  above  stated,  to  the 
rare  exceptions. 
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Symptomatology. 

Ascending  secondary  degeneration  (in  the  posterior  columns 
and  in  the  cerebellar  tracts  of  the  lateral  columns),  so  far  as  we 
are  at  present  informed,  appears  to  occasion  no  sort  of  clinical 
manifestations ;  that  is,  it  adds  no  new  disturbances  to  those 
caused  by  the  fundamental  malady.  At  the  same  time  the  ques- 
tion might  be  raised,  whether  the  manifestations  of  sensory  irri- 
tation in  the  paralyzed  side  of  the  body  (paraestliesia,  formica- 
tion, pain,  a  sensation  of  burning,  of  heat  and  cold,  etc.),  which 
arise  so  often  in  the  myelitis  of  compression  and  similar  condi- 
tions, may  not  be  connected  with  ascending  degeneration  of  the 
posterior  columns,  an(i  originate  and  be  maintained  thereby. 
This  does  not  appear  to  us  so  entirely  improbable,  although  it 
might,  indeed,  be  hard  to  prove. 

However  positively,  therefore,  we  may  expect  the  occurrence 
of  secondary  ascending  degeneration  in  certain  affections  of  the 
spinal  cord  when  their  diagnosis  is  once  fairly  established,  and 
however  regularly  we  also  find  evidence  thereof  on  the  dead 
body,  yet  this  certainty  is  by  no  means  founded  upon  any  defi- 
nite clinical  symptoms  ;  it  rests,  the  rather,  upon  constant  patho- 
logico-anatoraical  experience. 

It  is  somewhat  different  with  the  descending  degeneration  of 
tlie  pyramidal  tracts.  Of  course  this  can  produce  no  change  in 
the  phenomena  of  paralysis  caused  by  the  original  malady.  But 
since  the  work  of  Bouchard  it  has  become  to  a  high  degree  proba- 
ble that  the  slowly  developed  contracture  of  hemiplegic  subjects 
(the  " contracture  tardive"  of  the  French),  which  becomes  asso- 
ciated with  the  paralysis  at  a  later  period,  stands  in  connection 
with  the  secondary  degeneration  of  the  pyramidal  tracts,  and  is 
the  result  of  the  same.  Bouchard  is  of  the  opinion  that  it  is  not 
so  much  the  degeneration  of  the  tracts  directly  affected  by  the 
paralysis  which  causes  the  contracture,  as  the  irritation  of  other 
nerve-fibres,  of  different  origin,  running  in  the  same  region  of  the 
cord,  which  irritation  is  caused  by  a  sclerosis  arising  in  conse- 
quence of  the  degeneration.  This  will,  at  all  events,  be  a  hard 
matter  to  prove ;  and,  indeed,  it  is  not  easy,  as  yet,  to  form 
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any  satisfactory  idea  of  the  mechanism  of  the  origin  of  contrac- 
tures. 

An  argument  in  favor  of  this  view  is,  never tlieless,  found  in 
the  fact  that  the  secondary  contractures  in  hemiplegia  are  liable 
to  occur  about  the  same  time  at  which  one  may  expect  the  occur- 
rence of  secondary  degeneration — that  is,  one  or  two  months 
after  the  first ,  appearance  of  paralysis.  Furthermore,  that  in 
the  spinal  affections,  likewise,  which  lead  to  secondary  degen- 
eration of  the  pyramidal  tracts,  muscular  tension  and  contrac- 
tures in  the  lower  extremities  are  developed  after  a  short  time 
— about  simultaneously  with  the  appearance  of  these  degen- 
erations. Furthermore,  that  in  amyotrophic  lateral  sclerosis 
contractures  are  regularly  to  be  found  along  with  the  sclerosis  of 
the  pyramidal  tracts,  just  as  muscular  tension  and  contractures 
belong  to  the  most  constant  s3^mptoms  of  supposed  primary 
lateral  sclerosis. 

It  cannot  be  denied  that  these  proofs  are  by  no  means  conclu- 
sive, and  that,  thus  far,  there  is  merely  a  probability — to  be  sure, 
a  pretty  great  one — in  favor  of  the  dependence  of  secondary  con- 
tractures upon  secondary  degeneration  of  the  pyramidal  tracts. 
It  will  require  further  and  varied  material  for  observation  in 
order  to  raise  this  probability  to  a  certainty. 

Matters  are  still  more  uncertain  with  regard  to  another  symp- 
tom which  is  likewise  almost  constant  in  all  cases  in  which 
secondary  degeneration  of  the  pyramidal  tracts  exists,  viz.,  in- 
crease of  the  reflex  excitahiUiy  of  the  tendons.  There  can 
scarcely  be  a  doubt  that  this  stands  in  connection  with  disease 
of  the  spinal  lateral  columns,  but  it  is  not  certain  whether  it  is 
the  result  of  interruption  in  the  conduction  of  certain  tracts  in 
the  lateral  columns  (limiting  reflex  action  ?),  or  of  the  subse- 
quently developed  secondary  degeneration  of  the  same  ;  in  other 
words,  whether  it  is  a  symptom  co-ordinate  with  the  paralysis 
or  with  the  secondary  contractures.  This  question  could  only 
be  determined  by  careful  clinical  observations  on  the  point  of 
whether  the  elevation  of  reflex  excitability  of  the  muscles  oc- 
curred simultaneously  with  the  paralysis,  or  simultaneously  with 
the  contracture,  or  earlier  or  later  than  either  ;  whether  it  always 
occurs  in  connection  with  secondary  contractures,  or  may  also 
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arise  without  tliera,  etc.  On  account  of  the  short  time  that  has 
elapsed  since  the  discovery  of  the  reflex  excitability  of  tendons, 
such  observations  do  not  exist  in  sufficient  numbers,  I  only  find 
some  statements  in  Westphal,'  that  after  apoplexies  and  the  like 
the  elevation  of  reflex  excitability  of  the  tendons  is  present  in 
from  seven  to  twenty-one  days  after  the  attack,  and  in  some 
cases  was  not  present  during  the  first  four  days.  But  we  can- 
not form  much  of  a  conclusion  from  this,  as  the  statements  with 
regard  to  the  time  of  occurrence  of  secondary  degeneration  are 
as  yet  very  uncertain.  It  appears  to  me,  for  the  present,  the 
more  probable  that  the  elevation  in  reflex  excitability  of  the 
tendons  is  the  result  of  interrupted  conduction  in  tracts  control- 
ling reflex  action,  and  is  not  the  result  of  secondary  degeneration 
of  the  pyramidal  tracts.  At  all  events,  this  question  demands 
further  investigation. 

It  is  at  least  not  likely  that  the  epileptic  and  epileptiform 
attacks,  which  are  so  frequent  in  hemiplegic  patients,  have  any 
relation  whatever  with  secondary  degeneration  of  the  pyramidal 
tracts  (especially  in  the  medulla  oblongata),  as  was  supposed  by 
Bouchard. 

Diagnosis. 

From  all  that  has  hitherto  been  said,  it  is  evident  upon  how 
unsafe  a  footing  the  clinical  diagnosis  of  secondary  degenerations 
as  yet  stands. 

Secondary  ascending  degeneration  is  simply  not  to  be  recog- 
nized by  any  clinical  manifestations ;  but,  in  case  of  the  well- 
established  diagnosis  of  a  definitely  localized  affection  of  the 
spinal  cord  (myelitis  from  compression,  trauma,  etc.),  it  is  merely 
to  be  expected,  with  some  certainty,  as  a  necessary  result  of  the 
same. 

In  secondary  descending  degeneration  the  only  - sign  which 
points  towards  it  with  some  probability  is  the  occurrence  of  late 
contractures  (and  of  increased  reflex  excitability  of  tendons?). 
When,  therefore,  in  the  course  of  a  hemiplegia  or  pai-aplegia, 


•  Arch.  f.  Psych,  u.  Nervenkrankh.  V.  p,  810. 
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muscular  tensions  and  contractures  set  in  after  some  weeks,  we 
may  infer,  with  great  probability,  the  existence  of  descending 
degeneration  of  the  pyramidal  tracts. 

If  this  should  be  confirmed  in  the  future,  then  the  demonstra- 
tion of  the  presence  or  absence  of  this  secondary  degeneration 
will  perhaps  admit  of  our  arriving  at  a  conclusion  with  regard  to 
the  localization  of  the  fundamental  cerebral  affection.  For,  as 
we  have  before  remarked,  this  degeneration  does  not  by  any 
means  occur  in  all,  but  only  in  very  definitely  localized  affections 
of  the  motor  portions  of  the  brain  (Charcot).  This  is  a  question 
that  will  have  to  be  decided  by  cerebral  pathology. 

LEEDS. 

Prognosis.  ir,cOICO-CHJRUKGICAL 

The  more  exact  history  of  the  course  of  secondary  degenera- 
tions, under  various  possible  circumstances,  is  a  matter  yet  to  be 
investigated. 

In  general,  the  prognosis  is  the  same  as  that  of  the  funda- 
mental affection,  and  we  have  every  reason  to  believe  that,  with 
the  cure  of  the  fundamental  affection,  the  secondary  degenera- 
tions may  also  tend  towards  resolution  and  recovery.  But  this  is 
not  so  very  certain  under  all  circumstances,  and  although  a  com- 
plete regeneration  of  the  degenerated  nerve- tracts  appears  possi- 
ble in  the  earlier  stages  of  the  process  (similar  to  what  occurs  in 
the  degenerative  atrophy  of  peripheral  nerves),  yet  this  is,  to  say 
the  least,  improbable  in  the  later  stages  of  the  affection,  and  the 
prognosis  of  secondary  degenerations,  after  they  have  existed  for 
a  long  time,  is,  therefore,  to  be  regarded  as  decidedly  unfavor- 
able. 

Naturally,  under  some  circumstances,  the  prognosis  of  the 
fundamental  malady  is  seriously  vitiated  by  this  means,  and 
Charcot  unhesitatingly  regards  descending  degeneration  of  the 
pyramidal  tracts  as  one  of  the  main  causes  of  the  persistence  of 
motor  paresis  in  hemiplegia,  even  when  the  fundamental  affec- 
tion runs  a  favorable  course.  There  is  furthermore  no  doubt 
that  secondary  contractures  often  cause  much  greater  interfe- 
rence with  the  use  of  the  extremities  than  would  result  from  the 
degree  of  paresis  or  paralysis  actually  present.    And  if  these 
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contractures  should  be  the  results  of  the  secondary  degenera- 
tions, then  Bouchard's  statement  might  here  be  of  interest,  that 
he  had  never  seen  hemiplegia  end  in  recovery  when  the  develop- 
ment of  secondary  contractures  had  taken  place. 

All  this  will  therefore  have  to  be  taken  into  consideration  in 
forming  tho  prognosis  of  the  cerebral  or  spinal  fundamental 
affection. 

Therapeutics. 

There  has  thus  far  not  been  much  talk  of  any  special  thera- 
peutics of-  secondaiy  degenerations  ;  indeed,  this  could  not  well 
be  the  case,  in  view  of  the  difficulties  which  stood  in  the  way  of 
the  diagnosis  of  these  alterations. 

The  essential  point,  of  course,  is  the  treatment  of  the  funda- 
mental affection,  with  regard  to  which  we  need  not  here  expati- 
ate. 

But  after  what  has  been  said  above,  the  question  may  well  be 
raised  whether  a  further  and  not  inconsiderable  imj)rovement 
might  not  be  attained  through  direct  treatment  of  the  secondary 
degenerations  at  a  certain  stage  of  the  fundamental  malady ; 
whether,  after  the  causative  cerebral  malady  had,  to  a  great 
degree,  undergone  resolution,  and  after  cerebral  conduction  had 
again  been  restored  by  direct  or  by  vicarious  tracts,  the  paresis 
and  contractures  which  still  remained  might  not  be  removed  by 
the  removal  of  the  secondary  degeneration. 

This  question  may  doubtless  be  answered,  with  probability, 
in  the  affirmative ;  and  it  therefore  appears  to  he  indicated, 
when  the  fundamental  disease  has  improved  and  is  in  the  act 
of  retrograde  development,  to  institute  direct  treatment  of  the 
secondary  degenerations. 

The  ways  and  means  to  this  end  are,  it  is  true,  yet  to  be 
found.  A  priori,  one  will  feel  inclined  to  resort  to  the  employ- 
ment of  the  therapeutic  measures  commonly  used  in  chronic  mye- 
litis and  in  sclerosis  in  general  (baths,  cold-water  cures,  galvanism, 
etc.).  The  galvanic  current  is  doubtless  entitled  to  the  most 
confidence,  and  admits  of  the  most  practical  and  safest  method 
of  application.    It  is  not  necessary  to  say  anything  further  here 
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with  regard  to  the  methods  of  its  application  in  these  degenera- 
tions of  tlie  cord.  I  will  merely  add  that  in  some  old  cases 
of  hemiplegia  with  contractures  I  believe  I  have  seen  decidedly 
favorable  effects  on  paresis  and  contractures  follow  direct  gal- 
vanic treatment  to  the  spinal  cord,  instituted  in  addition  to  the 
other  galvanic  treatment.  In  such  cases,  however,  it  is  naturally 
very  difficult  to  be  sure  about  our  therapeutic  experiences. 

20.  Deformities  and  Malformations  of  the  Spinal  Cord. 

Ollivier,  1.  c.  3.  6d.  I.  p.  159-240.  IQ^l.—Cruveilhiei-,  Anatom.  patholog.  Livrais. 
XVI.  —  FircAow,  Die  krankhaften  Geschwiilste.  I.  S.  1C9.  IQQZ.— Foerster, 
Haudb.  d.  path.  Anat.  2.  Aufl.  II.  S.  621.  1863.— P.  Schieffer decker,  Asymme- 
trie  d.  grauea  Subst.  des  R-M.  Arch.  f.  mikrosk.  Anat.  XII.  S.  87.  1876. 

Bardeleien,  Lehrb.  d.  Chirurg.  u.  Operationslehre.  Bd.  IV. — Lorinser,  Spina  bifida 
in  Pitha-Billroth,  Chirurgie.  Bd.  III.  2.  S.  5. — Smith,  An  Unusual  Form  of 
Spina  Bifida.  Transact,  of  the  Pathol.  Soc.  XXI.  p.  1.  1871.—/.  Roose,  A  Case 
of  Spina  Bifida.  Philad.  Med.  Surg.  Report.  1872.  March  30.— -4.  Petit,  Ana- 
lyse d'un  liquide  de  spina  bifida.  Bull.  g6n6r.  de  th6rap.  1873.  jj.  256. —  Th. 
Simon,  Ueber  Syriugomyelie  und  Geschwulstbildung  irn  R.-M.  Arch.  f.  Psych, 
u.  Kei-venkrankh.  V.  S.  121.  1874. — Lerjden,  Klin.  d.  Riickenmarkskrankh.  I. 
S.  195.  1874  ;  Hydromyelus  u.  Syringomyelic.  Virch.  Arch.  Bd.  68.  S.  1.  1876. 

We  have  but  little  to  say  in  this  section  that  is  of  interest  to 
the  practical  physician  and  really  necessary  for  him  to  know. 

First  in  order  comes  quite  a  series  of  things  which  are  of  in- 
terest only  in  a  pathologico-anatomical  point  of  view  and  in  con- 
nection with  the  history  of  development ;  and  which,  to  the 
practical  physician  who  is  primarily  concerned  with  living  human- 
ity, will  prove  all  the  less  interesting  because  they  occur  only  in 
the  still-born  fo:^tus,  or  at  least  in  one  incapable  of  sustaining  life. 

On  the  other  hand,  there  are  certain  anomalies  in  the  configu- 
ration and  position  of  individual  divisions  of  the  spinal  cord 
which  one  must  know  in  order  to  avoid  the  possibility  of  con- 
founding them  with  pathological  changes.  This  also  is  a  matter 
which  more  particularly  interests  the  pathological  anatomist  or 
the  special  investigator  of  the  pathology  of  the  spinal  cord.  The 
practical  physician  will  but  seldom  obtain  a  sight  of  these  things, 
which  do  not  betray  themselves  by  any  symptoms  during  life. 
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Finally,  we  have  to  deal  with  conditions  which  are  congenital, 
are  carried  into  later  life,  and  are  perhaps  still  furtlier  developed 
at  a  later  period — conditions  of  extension  and  widening  of  the 
cavities  lying  within  the  spinal  column  itself  or  surrounding  the 
same,  with  more  or  less  considerable  accumulations  of  fluid 
within  the  same  and  corresponding  degrees  of  secondary  changes 
—  displacements,  adhesions,  the  development  of  clefts  of  the 
cord  itself,  or  of  the  parts  surrounding  it  (hydromyelus,  hydror- 
rhachis,  and  spina  bifida).  These  things,  being,  in  part  at  least, 
forms  of  disease  susceptible  of  clinical  diagnosis  and  therapeutic 
interference,  must  be  taken  up  and  discussed.  But,  in  view  of 
the  pre-eminently  surgical  interest  which  attaches  to  the  most 
important  of  these  anomalies — spina  bifida — we  may  be  tolerably 
brief  in  its  discussion. 

Among  the  first  group  of  anomalies,  as  mentioned  above,  are 
the  following  : 

1.  Amyelia,  or  absence  of  the  spinal  cord.  This  is  a  com- 
paratively rare  malformation.  Ollivier  counts  up  a  series  of 
older  observations  of  the  same.  If  the  spinal  cord  is  missing, 
then  the  brain  is  always  missing  too  (amyelencephalia).  Entire 
absence  of  the  spinal  cord,  when  the  brain  is  present,  does  not 
seem  to  occur.  The  peripheral  nerves  may  be  entirely  preserved, 
the  nerve-roots  partly  so  ;  remnants  of  the  spinal  membranes 
may  also  sometimes  be  found  in  connection  with  rudimentary 
development  of  vertebrje.  It  is  not  necessary  here  to  enter  upon 
any  more  minute  description. 

It  is  also  stated  that  during  the  latter  months  of  pregnancy 
the  greater  part  of  the  spinal  cord  may  be  destroyed  by  hydro- 
myelus— the  brain,  as  well  as  the  peripheral  nervous  system,  being 
maintained  intact.  This,  too,  is  of  no  practical  significance.  All 
such  products  of  generation  are  incapable  of  life. 

2.  Atelomyelia,  or  imperfect  development  of  tlie  spinal  cord. 
The  upper  end  of  the  spinal  cord  is  lacking,  or  is  imperfectly 

developed,  in  all  cases  in  which  the  brain  is  lacking  {anence- 
plialia),  or  in  which  the  greater  part  of  the  head  is  defective 
{aceplialia).  The  medulla  oblongata  is  then  lacking,  or  exists 
only  in  a  rudimentary  form,  sometimes  still  in  conection  with  a 
part  of  the  nerves  usually  given  off  from  it.    Farther  down,  the 
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development  of  the  spinal  cord  may  then  be  quite  regular. 
Sometimes,  however — in  acephalia — a  larger  piece  of  the  upper 
division  of  the  cord  is  entirely  wanting  ;  in  that  case  there  is  also 
usually  spina  bifida  of  the  cervical  vertebral  column. 

In  rare  instances  the  lower  part  of  the  spinal  cord  is  also 
found  stunted,  ending  in  a  club-shaped  extremity  ;  this  is  gener- 
ally accompanied  by  still  further  anomalies  of  the  organs  of  the 
trunk. 

The  interference  with  development  may  also  show  itself  in  the 
fact  that  the  two  lateral  halves  in  which  the  spinal  cord  is  de- 
veloped do  not  unite,  but  either  remain  entirely  separated,  or 
unite  only  throughout  a  portion  of  their  extent ;  so  that  the 
spinal  cord,  either  for  its  entire  length  or  merely  at  its  upper  or 
lower  end,  appears  separated  into  two  lateral  halves — diastemato- 
myelia.  This  malformation  generally  occurs  with  anencephalia,  , 
and  is,  of  course,  of  no  practical  significance. 

3.  Diplomyelia,  or  duplication  of  the  spinal  cord. 

Double  monstrosities  of  various  kinds  and  of  various  grades 
aflso  show  these  malformations  of  the  spinal  cord,  corresponding 
to  the  rest  of  their  bodily  development  ;  so  that  either  the  upper 
part  of  the  spinal  cord  is  single  and  is  divided  into  two  cords 
below,  the  vertebral  column  and  the  entire  lower  half  of  the  body 
also  being  double,  or  the  lower  part  of  the  cord  is  single  and 
terminates  in  a  double  cord  above. 

We  are  not  yet  in  possession  of  more  accurate  information 
with  regard  to  the  method  of  duplication  or  the  connection  of 
the  parts  at  the  point  of  bifurcation,  which  would  certainly 
afford  very  interesting  pictures  on  transverse  section. 

In  such  cases  the  form  of  the  spinal  cord  probably  has  but 
little  influence  on  the  entire  development  and  life-history  of  these 
monsters. 


Turning  to  our  second  group,  we  may  first  mention  those 
sUgld  anomalies  in  the  length  and  thickness  of  the  cord  which 
are  now  and  then  met  with.  In  some  men  the  spinal  cord  is 
found  strikingly  thick  and  voluminous,  in  others  strikingly  thin 
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and  insignificant,  without  either  the  one  class  or  the  other  hav- 
ing presented  any  spinal  symptoms  during  life.  If,  at  the  same 
time,  microscopic  examination  demonstrates  no  alteration  in  the 
structure  of  the  spinal  cord,  then  we  are  evidently  dealing  with 
irrelevant,  individual  anomalies. 

This  is  regularly  the  case  with  abnormal  length  (the  cord  has 
been  seen  to' descend  to  the  third  lumbar  vertebra)  or  abnormal 
shortness  of  the  cord  (sometimes  it  ends  at  the  eleventh  or  twelfth 
dorsal  vertebra),  if  there  are  no  other  special  malformations  or 
diseases  present. 

Abnormal  smallness  of  the  entire  spinal  cord  and  medulla 
oblongata,  with  corresponding  smallness  of  the  nerve-cells  and 
fineness  of  the  nerve-fibres  and  axis-cylinders,  has  lately  been 
demonstrated  by  F.  Schultze,^  in  one  of  Friedreich's  cases  of 
"hereditary  ataxy,"  and  he  propounds  the  interesting  query, 
whether  this  faidty  development  of  the  entire  organ  is  not  the 
predisposing  cause  of  the  sclerosis  of  the  spinal  cord  developed 
at  the  time  of  puberty.  This  question  would  be  well  worth  tes^t- 
ing  in  future  cases. 

Those  alterations  which  sometimes  show  themselves  in  the 
configuration  of  the  spinal  cord,  and  which  must  not  be  con- 
founded with  pathological  changes,  with  actual  diseases,  are 
more  noticeable. 

This  is  especially  true  of  asymmetry  of  the  gray  substance ; 
unequal  width,  depth  and  form  of  the  symmetrical  gray  horns, 
on  a  transverse  section.  Starting  with  the  supposition  that  the 
symmetry  of  these  parts  was  very  complete,  some  observers  have 
often  declared  deviations  from  the  same  to  be  pathological ;  but 
this  is  not  permissible,  unless  accurate  histological  examination 
demonstrates  actual  pathological  changes  which  account  for  such 
asymmetry  (atrophy,  sclerosis,  the  loss  of  ganglion-cells,  etc.). 
Schiefferdecker  has  demonstrated  that  such  asymmetry  is  not 
rare,  occurring  even  to  a  very  considerable  degree,  and  may  be 
confined  to  single  divisions  of  the  spinal  cord ;  the  same  thing 
was  stated  long  ago  by  other  observers,  and  every  one  who  occu- 


'  Friedreich,  Ueber  Ataxie  mit  besonderer  Beruckaichtigung,  u.  s.  w.  Nachtrag. 
Vircbow's  Archiv.  Vol.  70.  p.  140.  1877. 
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pies  himself  witli  the  histology  of  the  spinal  cord  will  often  meet 
with  this  fact. 

The  non-uniform  distribution  of  the  pyramidal  tracts  upon 
the  two  sides  of  the  spinal  cord,  as  demonstrated  by  Flechsig,' 
whereby  each  pyramid  may  send  its  mass  of  fibres  into  the  spinal 
cord  either  entirely  crossed  or  only  partly  crossed,  sometimes 
leads  to  very  pronounced  asymmetry,  which  here  affects  the 
white  substance  exclusively,  and,  indeed,  the  antero-lateral  col- 
umns. 

In  cases  of  congenital  absence  or  intra-uterine  stunting  of  cer- 
tain extremities,  we  not  rarely  see  secondary  atrophy  of  definite 
portions  of  the  spinal  cord,  and  thereby  the  production  of  asym- 
metry which  is  limited  to  the  cervical  or  lumbar  enlargement, 
according  to  the  extremity  that  is  affected.  Thus  Troisier,"  for 
example,  found  a  unilateral  diminution  in  size  of  the  spinal  cord 
especially  affecting  the  gray  matter,  running  through  the  entire 
extent  of  the  cervical  enlargement,  in  a  case  of  congenital  stunt- 
ing of  the  corresponding  upper  extremity  (hemimyelia).  In  this 
case,  without  any  further  demonstrable  changes,  the  only  thing 
that  could  be  shown  was  a  diminution  in  the  number  of  the 
ganglion-cells. 

Unusual  outgrowths  of  the  gray  matter,  or  the  absence  of 
portions  of  the  same,  which  are  generally  present  (for  instance, 
the  tr actus  intermedio-lateralis  of  Clark's  columns),  are  condi- 
tions occasionally  met  with;  likewise,  in  some  cases,  duplications 
of  the  one  or  the  other  gray  horn,  for  a  longer  or  shorter  distance. 
These  are  matters  the  true  value  of  which  we  can  generally  arrive 
at,  without  much  difficulty,  on  careful  investigation. 


In  the  third  group  we  turn  our  attention  first  to  congenital 
enlargement  of  the  central  canal  in  the  spinal  cord,  what  is 
generally  called  hydrorrhachis  interna,  also  hydromyelus  (or 
better,  hydromyelus  congenitus). 

'  Die  Lcitungabahnen  im  Gehirn  und  Riickenmark  dea  Menschen.  Leipzig,  1870. — 
Ueber  Systemerkrankungen  im  Rflckenmark.  Archiv  der  Heilkuude.  XVIII.  1877. 
-  Arch,  do  Physiologie.  IV.  p.  72.  1871-'72. 
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This  anomaly  is  not  so  very  rare  ;  but  by  no  means  all  those 
cases  in  which  this  condition  has  been  thought  to  exist  have 
been  actual  congenital  malformations  ;  they  have  oftener  repre- 
sented changes  acquired  at  a  later  period,  as  the  result  of  disease ; 
and  more  frequently  yet  these  have  not  been  cases  of  dilatation 
of  the  central  canal  itself  at  all,  but  of  newly-formed  pathologi- 
cal cavities — cavities  which  have  only  been  confounded  with  true 
hydromyelus  on  account  of  their  central  position  in  the  spinal 
cord,  and  which  would  be  better  designated  "syringomyelia." 
This  subject  will  be  touched  on  again  at  greater  length,  in  the 
following  section  (No.  21). 

The  malformation  which  concerns  us  here  depends  on  an 
accumulation  of  fluid  in  the  foetal  central  canal.  This  may 
reach  very  varied  grades. 

In  the  lighter  grades  we  recognize  the  formation  of  a  central 
cavity  in  the  spinal  cord,  more  or  less  extensive  in  length,  and 
varying  in  width  from  that  of  a  knitting-needle  to  that  of  a  crow's 
quill.  This  may  extend  throughout  a  greater  or  less  portion  of  the 
cord,  sometimes  running  through  the  entire  length  of  the  same, 
at  other  times  restricted  to  certain  portions  thereof  (the  cervical 
or  lumbar  portion)  ;  sometimes  the  dilatation  assumes  the  form 
of  a  string  of  beads  (moniliform),  dilated  portions  alternating 
with  those  of  normal  width  ;  sometimes,  too,  the  canal  is  obliter- 
ated in  the  centre,  its  anterior  and  posterior  walls  having  grown 
together,  leaving  both  sides  open,  so  as  to  produce  the  appearance 
of  a  double  canal,  etc. 

In  such  cases,  as  a  rule,  the  dilated  central  canal  can  be  rec- 
ognized as  such,  with  certainty,  by  the  position  of  the  cavity 
relative  to  the  other  portions  of  a  transverse  section  of  the  cord 
(relative  to  the  anterior  and  posterior  commissure,  to  the  central 
veins,  the  gray  matter,  etc.),  by  the  lack  of  any  trace  of  another 
structure  which  might  be  the  central  canal,  by  the  fact  of  its 
being  lined  with  cylindrical  epithelium,  etc.  The  spinal  cord 
itself  is  otherwise  well  developed,  and  appears  to  be  without 
any  other  pathological  changes,  aside  from  the  displacement 
which  its  other  portions  may  have  been  subjected  to  through  the 
great  dilatation  of  the  canal. 

This  is  also  a  positive  test  for  the  separation  of  congenital 
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dilatations  of  the  central  canal  from  those  caused  by  pathologi- 
cal processes.  The  latter  are  not  rare,  for  instance,  in  periepen- 
dymal myelitis,  in  transverse  myelitis,  in  neoplasms  of  the  spinal 
cord,  and  we  shall  recur  to  them  again  later. 

Simple  congenital  hydromyelus  appears  to  produce  no  symp- 
toms whatever  ;  much  of  the  observations  under  this  head  have 
been  made  accidentally,  in  persons  who  had  complained  of  no 
spinal  symptoms  during  life ;  and  where  such  symptoms  have 
existed  and  "hydromyelus"  has  been  found  on  post-mortem  ex- 
amination, these  pathological  processes  have  undoubtedly,  as  a 
rule,  co-operated  in  the  production  of  the  same. 

In  the  Mglier  grades  of  hydromyelus  entire  disappearance  of 
the  spinal  cord  takes  place,  or  it  appears  split  in  two  halves,  for 
a  greater  or  less  length  ;  the  cavity  of  the  central  canal  is  in  free 
communication  with  the  cavity  of  tlie  dura  mater  and  the  hydror- 
rhachis  interna  is  merged  into  hydrorrhachis  externa,  as  not 
rarely  occurs  in  spina  bifida.  This  condition  of  things,  too,  may 
be  developed  in  very  different  grades  and  to  a  variable  extent. 

An  abnormal  accumulation  of  fluid  within  the  cavity  of  the 
dura  mater — that  is,  in  the  subarachnoidal  spaces,  in  connection 
with  a  greater  or  less  degree  of  alteration  and  deformity  of  the 
vertebral  column,  constitutes  what  is  called  . 

Spina  hifida  (partial  hydrorrhachis,  hydromeningocele,  and 
hydromyelocele). 

We  shall  have  to  spend  a  little  more  time  on  this,  as  being, 
practically,  the  most  important  malformation,  although,  for  all 
more  minute  details,  we  refer  our  readers  to  the  text-books  on 
Surgery  and  Pathological  Anatomy. 

Spina  bifida  presents  itself  as  a  sac-like  dilatation  and  pouch- 
ing of  a  more  or  less  circumscribed  portion  of  the  cavity  of  the 
dura  mater,  which  is  generally  coincident  with  the  cleaving  (or 
absence)  of  one  or  more  vertebral  arches,  and  protrudes  like  a 
hernia  through  the  cleft  thus  formed,  raising  the  skin  in  the  form 
of  a  more  or  less  considerable  tumor.  This  pouching  but  seldom, 
occurs  between  two  vertebral  arches  without  cleaving  of  the  same, 
and  if  it  does,  is  always  a  comparatively  small  tumor.  (If  the' 
vertebral  column  remains  quite  normal,  and  there  is  only  an  in- 
creased accumulation  of  water  in  the  vertebral  canal,  then  we' 
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have  simple  hydrorrhachis  externa — a  common  manifestation  in 
hydrocephalus.) 

Opinions  still  differ  as  to  the  exact  method  of  origin  of  spina 
bifida,  and  it  is  at  least  probable  that  this  condition  may  be 
brought  about  in  various  ways.  It  is  either  a  question  of  a  pri- 
mary dropsy  of  the  central  canal,  with  disappearance  of  the  cord 
and  secondary  widening  and  distention  of  the  spinal  membranes, 
or  merely  of  a  dropsy  of  the  sub-arachnoideal  spaces,  which  dis- 
tends the  membranes  and  pushes  them  forward  like  a  hernia.  If 
these  changes  take  place  before  the  vertebral  arches  are  closed, 
their  closure  is  prevented,  and  thus  the  cleft  of  the  vertebral 
column  takes  place.  But  it  is  also  possible  that  this  is  the  pri- 
mary step,  and  that  the  hydrorrhachis  is  not  developed  until 
afterwards. 

Spina  bifida  is  not  exactly  a  rare  malformation.  Chaussier 
found  it  present  in  about  one  case  in  every  thousand  births. 

The  more  special  relations  of  spina  bifida  are  about  as  fol- 
lows : 

Its  general  seat  is  in  the  sacral  and  lumbar  region,  much  more 
rarely  in  the  dorsal  or  cervical  portion  of  the  spinal  column ; 
generally  there  is  but  one  tumor  present,  more  rarely,  several ; 
these  are  almost  always  situated  in  the  median  line,  seldom 
deviating  to  one  side  or  the  other. 

They  differ  very  much  in  size,  varying  from  that  of  a  nut  to 
that  of  a  head.  In  form  they  are  usually  round  or  elliptical, 
or  also  pear-shaped ;  but  they  may  also  be  extended  in  length, 
stretching  over  a  more  or  less  considerable  portion  of  the  entire 
spinal  column.  The  tumor  is  either  flat  or  pedunculated,  some- 
times lobulated  or  divided  into  two. 

The  skin  over  the  tumor  is  either  quite  normal  or  highly 
stretched,  thinned,  reddened,  involved  in  ulceration ;  not  rarely 
an  umbilicated  depression  ma}''  be  seen  at  some  point  on  the 
height  of  the  tumor,  caused  by  the  insertion  of  the  end  of  the 
spinal  cord  in  the  intfsrior  of  the  sac. 

Passing  beneath  the  skin,  one  usually  comes  upon  the  dura 
mater,  which  may  be  thickened  or  normal,  or  also  very  much 
thinned  ;  sometimes  it  has  entirely  disappeared  or  has  split,  and 
the  soft  membranes  alone  protrude.    Next  comes  the  arachnoid, 
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which,  in  most  instances,  actually  encloses  the  fluid.  If  hydro- 
myelus  exists,  the  pia  mater  also  takes  part  in  the  formation  of 
the  sac. 

The  neck  of  the  sac  is  more  or  less  narrow  and  leads  into  the 
spinal  canal.  Not  unfrequently  it  is  closed  by  adhesion,  and 
thus  the  cystic  tumor  lying  under  the  skin  is  isolated  from  the 
cavity  of  the  dura  mater  within  the  vertebral  canal. 

The  condition  of  the  spinal  cord  varies  in  individual  cases. 
In  the  majority  of  instances  the  spinal  cord  is  certainly  essen- 
tially normal,  and  takes  no  part,  or  but  a  very  subordinate  part, 
in  the  existing  alterations.  It  happens  still  more  frequently  that 
its  lower  extremity  is  adherent  to  the  sac  at  some  point,  and 
causes  an  umbilicated  depression  of  the  same,  visible  from  with- 
out. The  spinal  cord  is  often  materially  lengthened  b}''  this 
means,  its  extremity  being  drawn  clear  out  of  the  vertebral  canal, 
and  not  seldom  thinned  and  flattened.  The  nerve-roots  then  run 
their  course  from  this  portion  back  along  the  walls  of  the  sac 
(or  floating  free  Avithin  the  same),  partly  into  the  vertebral  canal 
and  to  their  intervertebral  foramina,  partly  directly  through  the 
walls  of  the  sac  to  their  appropriate  plexus.  More  rarely  there 
exists  simultaneously  a  hydrorrhachis  interna,  with  its  evil  conse- 
quences so  far  as  regards  the  form  of  the  cord ;  then  the  lower 
extremity  of  the  cord  is  more  or  less  destroyed,  atrophied,  and 
the  cavity  of  the  sac  communicates  directly  with  the  dilated  and 
open  central  canal. 

The  Jl2iid  contained  in  the  spina  bifida  is  generally  quite 
light,  colorless,  and  clear,  and  perfectly  identical  with  the  usual 
cerebro-spinal  fluid,  consequently  very  rich  in  water  and  poor  in 
solid  ingredients  ;  it  is  but  rarely  turbid  or  bloody  ;  its  quantity 
may  amount  to  from  500  to  1,000  grammes  (3  oz.  to  2  lbs.)  or 
more. 

Lt 

Symptoms  of  Spina  BiJidUr  l  '  - 

Children  affected  with  this  deformity  are  generally  born  with- 
out hindrance,  are  capable  of  sustaining  life,  and  show  nothing 
abnormal  except  a  more  or  less  extensive  tumor  in  the  sacral  or 
lumbar  region,  rarely  at  a  higher  point  of  the  spinal  column. 
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If  tlie  tumor  is  very  large  and  the  skin  over  it  thinned,  the 
sac  may  burst  during  birth  and  its  contents  escape  ;  the  child 
is  then  ordinarily  born  highly  asphyxiated,  and  perishes  within  a 
couple  of  hours,  or,  at  the  outside,  in  a  couple  of  days. 

If  this  is  not  the  case,  however,  the  tumor  either  remains  un- 
changed, or,  more  frequently,  gradually  increases  in  size,  the 
skin  over  the  same  becoming  more  and  more  thinned,  etc. 

It  is  but  rarely  that  such  a  tumor  is  first  developed  some  time 
after  birth.    See  Genga's  case  in  Ollivier. 

The  tumor  itself,  varying  very  much  in  size,  is  roundish,  pear- 
shaped,  or  divided  into  two  parts  and  lobulated,  tense,  elastic, 
and  distinctly  fluctuating.  In  smaller  tumors  the  skin  over  the 
same  is  unaltered,  in  larger  ones  it  is  more  or  less  stretched  and 
thinned,  bluish  or  reddish ;  at  the  same  time  the  entire  tumor 
not  rarely  looks  translucent,  like  a  hydrocele.  In  worse  cases, 
the  skin  is  superficially  ulcerated  and  secretes  a  watery,  purulent 
fluid  ;  it  may  in  part  be  entirely  destroyed  or  absent,  so  that  the 
distended  spinal  membranes  alone  constitute  the  wall  of  the 
sac. 

A  characteristic  found  in  many  cases  is  that  the  fluid  con- 
tained in  the  sac  can  be  pressed  away.  In  other  words,  it  can, 
by  pressure,  be  partly  emptied  into  the  spinal  canal,  so  that  the 
tumor  grows  smaller  ;  but  this  does  not  occur  without  sometimes 
causing  disturbances  of  cerebral  innervation — drowsiness,  sleep, 
twitchings,  etc.  If  there  is  coincident  hydrocephalus,  swell- 
ing and  increasing  protrusion  of  the  fontanelles  can  be  demon- 
strated during  such  pressure ;  on  the  other  hand,  pressure  on 
the  hydrocephalic  skull  increases  the  tension  and  size  of  the 
spina  bifida.  The  swelling  likewise  somewhat  increases  on  as- 
suming the  erect  attitude,  on  screaming,  on  pressure,  etc.  ;  an 
increase  of  swelling  has  also  been  observed  associated  with  move- 
ments of  the  pulse  and  of  respiration.  Not  infrequently  the 
tumor  is  sensitive  on  pressure.  In  those  cases,  however,  in  which 
communication  with  the  spinal  canal  has  been  cut  off  by  closure 
of  the  sac,  all  these  manifestations  are,  of  course,  no  longer  to 
be  found. 

In  the  majority  of  cases  the  manifestations  above  described 
are  the  only  ones  in  spina  bifida.    The  children  thus  affected  are 
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otherwise  normal,  show  no  sort  of  manifestations  of  paralysis, 
develop  well,  learn  to  walk,  and  may  arrive  at  a  considerable  age 
without  being  troubled  by  their  deformity  otherwise  than,  at 
most,  in  a  simply  mechanical  manner. 

This,  however,  is  the  exception ;  as  a  rule,  the  tumor  ad- 
vances in  growth,  and  not  long  after  birth  all  sorts  of  severe  dis- 
turbances begin  to  show  themselves,  caused  by  compression  of 
the  lower  division  of  the  spinal  cord  and  the  cauda  equina. 
Increasing  paralysis  and  paraplegia  set  in,  incontinence  of  urine 
and  of  f feces,  bed-sores,  etc.,  and  the  patients  thus  gradually 
perish. 

Much  more  rarely  these  severe  manifestations  exist  at  the 
very  beginning,  and  this  is  regularly  the  case  whenever  there  is 
coexistent  hydrorrhachis  interna.  Paraplegia  and  paralysis  of 
the  sphincters  are  then  present  from  the  very  start,  and  the  days 
of  the  little  patient  are  numbered. 

But  these  children  b}''  no  means  always  perish  as  the  direct 
result  of  the  spinal  paralysis  thus  caused ;  much  greater  and 
more  urgent  dangers  threaten  them  from  the  numerous  acts  of 
violence  and  accidental  wounds  to  which  the  tumors  are  exposed. 
Knocks,  pressure,  dragging,  direct  wounds,  prolonged  lying  upon 
the  back,  and  the  like,  are  all  of  them  capable  of  bringing  about 
a  rupture  of  the  sac.  This  results  in  purident  inflammation  of 
the  same,  which — if  the  communication  with  the  spinal  canal  is 
still  open — extends  into  the  latter,  and  induces  a  purulent  spinal 
meningitis  which  ordinarily  puts  an  end  to  the  life  of  the  little 
one  within  a  few  days.  It  has  happened,  although  but  very 
rarely,  that  such  an  occurrence  has  passed  over  favorably  and 
has  even  led  to  the  cure  of  the  malady ;  this  is  only  to  be  ex- 
pected when  the  perforation  is  very  minute  and  the  fluid  flows 
out  quite  slowly.  If  the  opening  is  large  and  the  fluid  is,  by 
any  accident,  rapidly  evacuated,  death  may  follow  very  quickly, 
witliin  a  few  hours,  under  general  convulsions  and  increasing 
debility. 

The  terminations  of  the  disease  have  been  sufficiently  indi- 
cated in  what  has  just  been  said.  Life  is  but  rarely  maintained 
for  any  considerable  length  of  time  ;  still,  isolated  cases  have  been 
known  to  live  to  the  age  of  20,  30,  35,  and  even  50  years.  Prob- 
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ably  in  all  these  the  communication  with  the  cavity  of  the  dura 
Biater  was  closed  early,  or  was  very  narrow. 

In  most  cases  death  occurs  much  earlier,  and,  indeed,  the 
more  certainly  and  quickly  the  larger  the  tumor.  The  immediate 
cause  of  death  is  most  frequently  rupture  of  the  sac  ;  this 
comes  about  either  through  the  fact  of  the  tumor  gradually  grow- 
ing in  size,  and  finally  bursting  of  itself  or  through  some  acci- 
dental wound  ;  or  through  the  fact  of  some  traumatic  injury, 
wound,  blow,  or  the  like,  causing  a  sudden  rupture  ;  or  through 
the  fact  of  the  sac  being  purposely  opened  and  emptied  for  thera- 
peutic purposes.  If,  in  such  cases,  the  emptying  takes  place 
quickly  and  in  a  stormy  manner,  death  may  occur  within  a  few 
hours,  under  general  convulsions  and  increasing  weakness  ;  or — 
and  this  is  more  frequently  the  case,  especially  after  operations 
— an  acute  purulent  meningitis  is  developed,  which  leads  to  the 
death  of  the  child  in  a  few  days. 

In  a  minority  of  instances  death  follows  without  bursting  of 
the  sac,  through  general  prostration  in  consequence  of  the  severe 
spinal  disturbances. 

The  rarest  result  of  all  is  that  such  an  accidental  perforation 
is  survived,  and  becomes  the  starting-point  of  a  positive  cure. 
More  frequently,  though  by  no  means  frequently  enough,  this 
favorable  result  follows  in  consequence  of  a  carefully  undertaken 
operative  evacuation  of  the  sac. 

Diagnosis. 

The  recognition  of  spina  bifida  is  generally  not  difficult ;  only 
in  the  smallest  forms  of  the  same,  when  the  orifice  of  communi- 
cation is  very  small  or  entirely  closed,  can  this  present  any  con- 
siderable difficulties. 

The  following  may  be  mentioned  as  distinguishing  marks  :  a 
tumor  on  the  vertebral  column,  of  the  form  and  size  described 
above ;  tense,  fluctuating,  translucent ;  its  size  capable  of  being 
reduced  by  pressure,  whereupon  the  fluid  is  emptied  into  the 
spinal  canal,  causing  the  appearance  of  severe  nervous  disturb- 
ances (finally  also  protrusion  of  the  fontanelles)  ;  the  edges  of 
the  cleft  vertebrae,  the  ends  of  the  vertebral  arches  being  some- 


DEFORMITIES  AND  MALFORMATIONS.  791 

times  distinguishable  to  the  touch  as  light  prominences.  By 
these  means  spina  bifida  will,  as  a  rule,  be  easily  diagnosticated. 

It  is  of  special  importance— in  a  prognostic  point  of  view,  as 
well — to  demonstrate  the  presence  or  the  absence  of  communica- 
tion with  the  spinal  canal ;  this  is  not  easily  done  in  all  cases. 

The  distinction  between  this  and  the  displacement  of  abdomi- 
nal and  pelvic  viscera  (bladder,  rectum,  etc.)  resulting  in  a  sacral 
tumor,  to  which  Lorinser  calls  attention,  will  generally  be  easy. 
Tliere  will  likewise  be  no  difficulty  in  recognizing  the  other 
malformations  and  defects  which  not  rarely  coexist  with  spina 
bifida  ;  viz.,  hydrocephalus,  deformities  of  the  lower  extremities, 
anomalies  of  the  genital  apparatus,  inversion  of  the  bladder  with 
congenital  fissure  of  the  abdominal  walls,  and  the  like. 

Prognosis. 

The  prognosis  of  spina  bifida  is  by  no  means  very  favorable. 
Very  many  cases  perish  by  the  spontaneous  accidental  opening 
of  the  sac  or  through  the  progressive  growth  of  the  tumor  ;  not 
a  few,  likewise,  die  in  consequence  of  operations  undertaken  to 
effect  a  cure. 

The  prognosis  becomes  more  unfavorable  the  larger  the  tumor 
is,  as  a  whole  ;  the  higher  it  is  situated  on  the  vertebral  column 
(the  cases  where  it  is  on  the  sacrum  and  coccyx  are  by  far  the 
most  favorable)  ;  the  larger  the  orifice  of  communication  with  the 
spinal  canal ;  the  more  it  is  a  case  of  true  myelocele,  and  not 
mere  meningocele — therefore,  the  more  there  is  of  hydromyelus ; 
the  more  distinct  the  signs  of  hydrocephalus ;  and,  finally,  the 
feebler  the  constitution  of  the  child  thus  affected.  Keeping  these 
points  in  view,  one  will  generally  be  able  to  form  a  conception  of 
what  is  to  be  expected  during  the  further  course  of  the  malady. 

Therapeutics. 

Nothing  at  all  is  to  be  expected  from  the  treatment  of  spina 
bifida  with  internal  remedies,  with  inunctions,  baths,  etc.  The 
attempts  to  cause  the  disappearance  of  this  condition  by  deriva- 
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tion  to  tlie  skin,  by  blisters,  tlie  actual  cautery,  etc.,  may  be 
designated  as  downright  objectionable. 

But  it  is  just  as  little  permissible  in  most  cases  to  leave  the 
thing  to  itself  and  expect  time  to  effect  a  cure.  Experience 
teaches  that  this  trouble  is  almost  always  of  a  progressive  char- 
acter, and  sooner  or  later  leads  to  death. 

Nothing  remains,  therefore,  but  surgical  treatment,  which 
must,  however,  be  undertaken  with  the  greatest  caution  and 
care,  if  the  results  are  not  to  be  altogether  too  unsatisfactory. 

Very  different  operative  measures  have  been  undertaken, 
naturally  with  very  various  results.  Lorinser  is  opposed  to  all 
operative  interference  as  long  as  a  communication  with  the  spinal 
canal  can  be  demonstrated.  This  is  probably,  after  all,  somewhat 
excessive  caution,  although  it  is  evident,  in  and  of  itself,  that 
those  cases  which  have  but  a  very  narrow  communication,  or 
none  at  all,  with  the  cavity  of  the  dura  mater,  promise  far  better 
results  than  those  with  a  very  wide  communicating  orifice,  as  the 
main  danger  of  the  operation  is  always  to  be  found  in  the  exten- 
sion of  an  inflammatory  process  to  the  membranes  of  the  spine. 

Among  the  operative  procedures  hitherto  proposed,  there  are 
a  number  that  are  to  be  positively  rejected,  because  almost 
always  accompanied  by  fatal  results.  First  among  these  is  the 
passing  of  a  hair  cord  through  the  tumor ;  this  is  inevitably 
followed  by  inflammation  and  suppuration,  and  could  only  be 
considered  reasonable  if  one  were  quite  sure  that  the  external 
tumor  was  entirely  shut  off  from  the  spinal  cavity.  The  incision 
or  amputation  of  the  tumor  is  likewise  commonly  followed  by 
fatal  meningitis,  and  is  therefore  to  be  avoided. 

Ligature  of  the  sac,  which  implies  that  it  is  pedunculated, 
seems  to  be  almost  equally  dangerous  ;  the  sac  sloughs  off,  the 
orifice  of  communication  cicatrizes,  and  a  cure  may  thus  be 
effected  ;  but  here,  too,  purulent  meningitis,  with  a  fatal  result, 
very  often  follows.  At  the  same  time  a  number  of  favorable 
results,  following  this  method,  have  been  reported.  Thus,  by 
Rizzoli  and  Oldoini,^  by  Parona,*^  who  availed  himself  of  a  pair 


'  Lo  Sperimentale.  XXXVIII.  (Centralblatt  £.  d.  med.  Wins.  1876.  No.  50.) 
s  Annal.  universal.  Vol.  235.  Aprile,  1876. 
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of  compressing  forceps  for  carrying  out  the  operation  ;  by  von 
Brunn,'  who  undertook  the  compression  of  the  pedicle  by  means 
of  an  ovarian  clamp ;  by  Colognese,"  who  used  an  elastic  liga- 
ture, a  rubber  tube,  for  this  purpose. 

In  view  of  the  better  results  attending  them,  the  following 
methods  of  operation  are  probably  the  only  ones  worthy  of  con- 
sideration at  the  present  day :  metliodical  compression  of  the 
tumor  ;  simple,  repeated  puncture  of  the  sac,  repeated  according 
to  the  necessities  of  the  case  ;  VLi^di  punctiLre,  with  the  subsequent 
injection  of  iodine. 

Methodical  compression,  by  means  of  adhesive  plaster,  ban- 
dages, appropriate  compresses,  and  the  like,  certainly  in  some 
cases  effects  nothing  but  an  apparent  improvement,  inasmuch  as 
it  mechanically  presses  the  fluid  back  into  the  cavity  of  the 
spine  ;  as  soon  as  the  compression  ceases  the  tumor  again  returns 
to  its  former  volume.  At  the  same  time,  Heister  claims  to  have 
attained  a  favorable  result  thereby.  The  carrying  out  of  com- 
pression by  means  of  painting  with  collodion  is  highly  recom- 
mended by  Behrend,  and  has  been  repeatedly  employed  with  a 
good  result.  He  first  paints  the  tumor  with  a  mixture  of  collo- 
dion with  castor  oil,  afterwards  with  pure  collodion,  and  finally 
applies  a  compressory  bandage. 

Experience  teaches  that  simple  puncture  must  generally  be 
often  repeated  before  accomplishing  its  end.  Still,  even  this 
method  is  not  without  danger,  even  when  carried  out  with  the 
greatest  caution,  to  say  nothing  of  the  fact  that  it  is  often  with- 
out any  result.  The  best  way  is  to  evacuate  the  fluid  through  a 
very  fine  puncture  (for  instance,  to  draw  it  out  with  a  hj^poder- 
mic  syringe),  not  to  empty  the  sac  altogether,  and  afterwards 
to  apply  a  light  compressory  bandage. 

A  surer  result,  although,  perhaps,  attended  with  somewhat 
greater  risk,  is  to  be  attained  by  puncture  with  the  subsequent 
injection  of  iodine.  This  method  was  first  introduced  by  the 
French,  is  probably  more  employed  at  the  present  day  than  any 
other,  and  has  been  especially  lauded  in  England  (Morton,' 

'  Berliner  klin.  Wochensch.  1871.  No.  17. 
'Annal.  univera.  Vol.  239.  p.  143.  1877. 

»  Brit.  Med.  Joiirn.  April  0th  and  June  15th,  1873.    Lancet,  Dec.  2d,  1870. 
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Watt,'  Ellis').  Morton,  in  particular,  seems  to  have  practised 
tills  method  with  great  results ;  he  recently  reports  fourteen  cases, 
of  which  eleven  were  cured.  Recovery  followed  in  all  the  cases 
seated  in  the  lumbar  region — which  constitute,  as  is  well  known, 
the  great  majority  of  such  cases.  He  first  makes  a  test  puncture  ; 
this  is  repeated  in  five  days,  and  then  only  half  the  fluid  present 
is  withdrawn,  whereupon  an  injection  is  at  once  thrown  in,  con- 
sisting of  about  four  grammes  of  a  solution  of  iodine  in  glyce- 
rine (pure  iodine,  0.60  grammes  [ten  grains],  iodide  of  potassium, 
2  grammes  [thirty  grains],  pure  glycerine,  30  grammes  [  3  vijss.]). 
Others  have  used  other  solutions  (tincture  of  iodine  and  distilled 
water,  equal  parts ;  alcoholic  solution  of  iodine  and  iodide  of 
potassium  ;  and  some  merely  alcohol),  and  have  also  modified 
the  rtethod  of  the  injection  in  various  ways,  allowing  the  injected 
fluid  to  flow  out  again,  etc.  In  all  such  cases  it  will  be  well  to 
prevent,  so  far  as  possible,  the  penetration  of  the  injected  fluid 
into  the  spinal  canal  by  compression  of  the  pedicle  during  the 
injection.  The  subsequent  treatment  will  be  governed  by  the 
signs  of  irritation  that  may  arise. 

The  main  point  in  any  of  these  operations  will  always  be  the 
careful  and  accurate  carrying  out  of  the  same,  and  the  attentive 
after-treatment. 

In  cases  that  are  not  suited  to  operative  treatment — very  large 
tumors,  very  wide  clefts  of  the  spine  and  orifices  of  communica- 
tion, very  feeble  subjects — we  must  endeavor  to  protect  the  tu- 
mor, so  far  as  possible,  by  means  of  appropriate  bandages,  com- 
presses properly  hollowed  out,  and  the  like. 

21.  Rara  et  curiosa. — Rare  and  Doubtful  Diseases  of  the 

Spinal  Cord. 

In  the  foregoing  chapters  I  believe  I  have  presented  every- 
thing that  can  now  be  regarded  as  to  any  degree  established  in 
the  pathology  of  the  spinal  cord,  and  that  may  be  of  importance 
to  the  practical  physician.    That  this  does  not,  by  any  means. 


'  Brit.  Med.  Jour.,  April  26th,  1873. 

»  Philadelphia  Med.  Times,  No.  114.  1874. 
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exhaust  the  entire  pathology  of  the  spinal  cord,  I  am  myself 
very  well  aware. 

There  is  another  class  of  cases,  in  which  even  very  serious 
alterations  may  be  found  in  the  spinal  cord,  but  which  are  rare 
in  themselves,  and,  furthermore,  by  no  means  admit  of  a  positive 
diagnosis  ;  cases  which  are  to  be  regarded  more  as  curiosities,  or, 
at  best,  as  valuable  material  towards  the  construction  of  a  future 
and  broader  pathology  of  the  spinal  cord.  There  are  likewise 
cases  enough  which  must,  in  all  probability,  be  localized  in  the 
spinal  cord,  without  our  being  able,  at  present,  to  adduce  any 
positive  proof  to  that  effect.  Finally,  there  are  those  in  which 
severe  spinal  symptoms  are  merely  a  part  of  the  manifestations 
of  general  processes  of  disease  (severe  intoxications,  infections, 
and  the  like),  and  are,  therefore,  more  or  less  disregarded  in  the 
general  picture  of  the  disease,  and  usually  also  receive  no  thera- 
peutic attention. 

Such  and  such-like  matters  will  be  briefly  discussed  in  this 
section,  while,  at  the  same  time,  I  wish  to  give  special  emphasis 
to  the  fact  that,  owing  to  the  essentially  practical  tendency  of 
this  Cyclopjedia,  we  are  not  justified  in  entering  more  minutely 
upon  many  questions  of  the  highest  scientific  interest,  which  are, 
nevertheless,  still  awaiting  their  solution.  I  must  therefore  con- 
fine myself  to  more  or  less  aphoristic  notices,  and  would  fain,  by 
this  means,  give  the  practitioner  some  stimulus  more  accurately 
to  observe,  and  to  publish  any  cases  he  may  encounter  of  such 
and  similar  rare  forms  of  disease. 


a.  The  Pathological  Formation  of  Cavities  in  the  Spinal  Cord.— Syringo- 
myelia.—Hydromyelus  acquisitus. 

G.  Namiaa,  Di  una  specie  d'atrofia  della  midoUa  spinale.  Gaz.  med.  ital.  Lomb, 
1851.  Nr.  35.  (Syringomyelia.) — W.  Gull,  Case  of  Progress.  Atrophy,  etc,  Hy- 
droraelus.  Guy's  Hosp.  Rep.  VIII.  \%&\.—KoeUer,  Monograph,  d.  Mcningit. 
spinal.  Leipzig,  18G1.  Beob.  11.— Lancer eaux,  Cas  d'hypertrophie  de  TCpen- 
dyme  spinale,  etc.  Gaz.  mCd.  d.  Par.  1862.  Nr.  31. — 0.  Schueppcl,  Ueber  Hy- 
dromyelus.  Arch.  d.  Heilk.  VI.  S.  289.  1805.— Ein  Fall  von  allgem.  Aniisthcs. 
Ibid.  XV.  S.  44.  1874. — John  Grimm,  Ein  Fall  von  progress.  Muskelatrophie. 
Virch.  Arch.  Bd.  48.  S.  445.  1869.— Leyden,  Klinik  dcr  Rilckenmarkskrankh. 
L  S.  199.  1874. — Ilydromyelus  und  Syringomyelie.  Virch.  Arch.  Bd.  68.  S.  1. 
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t876.  Westphal.  Hohlen-  unci  Geschwulstbildung  im  R.-M.  Arch.  f.  Psych.' u. 

Nervenkiankh.  V.  S.  90.  1874. — jSimo/i,  Ueber  Syringomyelic  und  Gcschwuht- 
bildung  im  R.-M.  Ibid.  V.  S.  121.  1874. 

Whereas  formerly  all  central  cavities  developed  in  the  spinal 
cord  were  regarded  at  once  as  dilatations  of  the  central  canal, 
and,  in  part,  as  congenital  faults  of  development,  the  conviction 
has  recently  been  reached,  through  the  careful  examination  of  a 
large  number  of  cases,  that  there  are  not  only  pathological  dila- 
tations of  the  central  canal  itself  which  have  been  developed 
secondarily,  as  the  result  of  various  diseased  processes  estab- 
lished in  the  centre  of  the  spinal  cord,  the  dilatations  themselves 
not  being  developed  till  later  in  life,  but  that  newly  formed  cen- 
tral cavities  also  occur  within  the  spinal  cord,  which  have  noth- 
ing at  all  to  do  with  the  central  canal,  but  lie  within  the  patho- 
logically altered  tissue,  and  have  been  developed  out  of  the  same 
by  various  processes  of  metamorphosis. 

All  these  cases  may  be  grouped  together  under  the  name, 
already  used  by  Ollivier,  of  "  syringomyelia." 

After  Hallopeau  had  shown,  to  a  demonstration,  that  certain 
chronic  inflammatory  processes  within  the  spinal  cord,  which  he 
designated  as  periependymal  myelitis,  might  lead  to  secondary 
dilatation  of  the  central  canal,  Th.  Simon,  in  particular,  in  a 
large  and  exhaustive  work,  established  a  correct  understanding 
with  regard  to  a  great  part  of  the  conditions  that  had  previously 
been  thrown*  together  under  the  name  of  hydrorayelus.  On  the 
other  hand,  Leyden  has  again  recently  introduced  some  new  fea- 
tures into  the  doctrine  of  syringomyelia  which,  it  would  appear, 
necessitate  a  modification  of  Simon's  views. 


Pathogenesis  and  Pathological  Anatomy  of  Syringomyelia. 

Simon  sums  up  the  results  of  his  studies  oh  syringomyelia  as 
follows  :  that  an  extensive  dilatation  of  the  central  canal  is  tole- 
rably frequent  in  fcetal  life,  and  is  rare  during  later  extrauterine 
existence  ;  that,  on  the  other  hand,  most  of  the  cases  designated 
as  hydromyelus  are  either  of  very  doubtful  authenticity,  or  cer- 
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tainly  represent  no  dilatation  of  the  central  canal  itself,  but  are, 
rather,  newly-formed  cavities,  which  are  most  fond  of  developing 
themselves  in  the  foremost  portion  of  the  posterior  colnmns, 
therefore,  be.Mncl  the  central  canal.  It  is  a  question  here  of  pio- 
cesses  of  softening  with  complete  absorption  of  the  softened  (and 
usually  also  newly  formed)  tissue.  But  undoubtedly  genuine 
dilatations  of  the  central  canal  also  take  place,  arising  secon- 
darily through  shrinking  of  the  newly-formed  tissue  which  sur- 
rounds the  central  canal.  Generally,  however,  it  is  a  question 
of  newly-developed  cavities,  which  are  especially  easily  formed 
through  the  breaking  down  of  tumors  that  are  rich  in  blood 
(gliomata,  gliomyxomata,  etc.),  and  which  may  sometimes  even 
be  lined  with  a  coating  of  cylindrical  epithelium.  Such  cavities 
may  be  looked  upon  as  the  true  central  canal  only  when  their 
topographical  position  with  reference  to  the  other  portions  of  a 
transverse  section  of  the  cord  justifies  this  view. 

In  addition  to  the  above  we  may  add  that  such  newly- 
formed  camties  may  be  developed  in  very  different  ways,  and  as 
the  result  of  the  most  varied  pathological  processes,  among  which 
are  the  following : 

Through  hrealcing  down  and  softening  in  the  centre  of  neo- 
plasms (gliomata,  gliomykomata,  gliosarcomata,  etc.,  cases  of 
Westplial,  Grimm,  Simon,  and  others).  Not  infrequently  there 
is  such  a  complete  breaking  down  that  only  remnants  of  the 
tumor  remain,  or  even  only  the  connective  tissue  outline  of  the 
same.  The  same  tissue  as  that  of  which  the  tumor  was  formed 
can  then  often  still  be  demonstrated  above  or  below  the  cavity. 
These  centres  of  softening  arise  in  part  through  hemorrhage  into 
the  interior  of  neoplasms  (so  particularly  in  the  teleangiectatic 
forms),  in  part  through  simple  softening  and  cyst-formation 
within  the  same.  Sometimes  there  is  a  development  of  multiple 
cavities  ;  once  Simon  even  found  a  cavity  with  an  epithelial  lin- 
ing (a  shut-off  portion  of  the  foetal  central  canal  ?). 

Through  the  breaking  down  and  softening  of  apoplectic  foci, 
by  the  same  process,  therefore,  that  leads  to  apoplectic  cysts 
within  the  brain. 

Through  more  or  less  extensive  central  softening  in  areas  of 
gray  degeneration  and  chronic  myelitis.    To  this  category  be- 
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long  the  formation  of  canals  wliicli  Friedreich '  found  in  a  case 
of  tabes  of  the  cord  ;  the  formation  of  cavities  wliicli  Charcot  and 
Joffroy '  found  in  a  case  of  progressive  muscular  atrophy  ;  the 
formation  of  a  cleft  which  Langhans  '  describes  in  a  case  of  lepra 
ansestlietica,  and  more  of  the  same  sort. 

Finally,  through  complete  interruption  of  the  continuity  of 
the  spinal  cord  at  some  point,  as  occurred  in  the  experiments  of 
Naunyn  and  Eichliorst.*  These  observers  found,  in  dogs  in  whom 
they  had  cut  or  crushed  the  spinal  cord  at  some  point,  during 
their  earliest  youth,  some  weeks  later,  numerous  most  noticeable 
cavities,  extending  a  considerable  distance  upward  from  the  cica- 
trix. These  cavities  had,  at  first,  nothing  to  do  with  the  central 
canal,  and  were  considered  by  these  observers  to  be  due  to  an  ob- 
struction of  the  lymph-passages.  Westphal,  in  his  case,  found 
something  similar  in  man,  and  advocates  the  possibility  of  a 
tumor  occasionally  also  inducing  such  obstruction. 

In  addition  to  the  foregoing  we  then  still  have  the  true  dila- 
tations of  the  central  canal,  which  may  arise  secondarily  as  the 
result  of  various  processes,  probably  oftenest  through  the  so- 
called  periependymal  myelitis  of  Hallopeau,  which  has  also  been 
fully  recognized  and  confirmed  by  Simon.  Here  it  is  a  question 
of  a  proliferation  of  the  connective  tissue  surrounding  the  central 
canal  and  of  subsequent  shrinking  of  the  same,  whereby  the 
canal  is  passively  dilated. 

Adhesions  of  the  pia  mater  to  the  dura  mater,  chronic  menin- 
geal processes  at  certain  definite  points,  appear,  according  to 
Simon,  also  to  have  a  definite  relation  to  acquired  hydromyelus 
— perhaps  by  a  simple  extension  of  the  inflammation  from  the 
pia  mater  to  the  periependymal  tissue,  perhaps,  also,  by  means 
of  the  fact  that  shrinking  meningitic  layers  of  adventitious  tis- 
sue, by  their  pulling,  mechanically  cause  the  widening  of  the 
canal. 

Finally,  obliteration  of  the  central  canal  at  some  point 

'  Ueber  degenerative  Atrophic  der  spinalen  Hinterstrange.  Virchow's  Arch.  Vol. 
XXVI.  Case  IV.  1863. 

'  Deux  cas  d'atroph.  muse.  etc.  Arch.  d.  Physiol.  II.  1809.  Second  case. 

'  Virchow's  Arch.  Vol.  LXIV.  p.  175.  1875. 

*  Arch,  f .  experim.  Pathol,  u.  Pharm.  II.  p.  225.  1874. 
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(througli  inflammation,  external  pressure,  and  the  like)  may 
lead  to  dilatation  of  the  neighboring  portions. 

Leyden  has  again  recently  sought  to  re-establish  a  more  inti- 
mate relation  between  syringomyelia  and  congenital  hydromye- 
lus.  He  considers  the  two  as  essentially  identical,  basing  his 
opinion  on  the  observation  of  two  two-year-old  children  who 
were  affected  with  liydrencephalocele,  and  furthermore  showed 
the  development  of  cavities  in  the  spinal  cord.  Inasmuch  as  he 
does  not  recognize  the  significance  of  the  tumor-like  masses  in 
the  neighborhood  of  such  cavities  as  being  that  of  true  tumors, 
but  regards  them  as  mere  hypertrophy  of  the  ependyma  and  of 
the  neuroglia,  he  comes  to  the  conclusion  that  congenital  hydro- 
myelus  is  the  usual  starting-point  of  the  syringomyelia  arising 
later  in  life,  and  that  even  the  abnormal  cavities  situated  in  the 
posterior  columns  are  merely  remnants,  that  is  to  sa}'',  extensions 
of  the  central  canal,  hampered  in  its  development.  He  considers 
this  view  as  being  supported  by  the  history  of  the  development 
of  the  central  canal,  and  thinks  such  cavities  should  be  regarded 
as  portions  of  this  canal  which  were  early  cut  off.  This  view 
may  be  the  correct  one  for  a  certain  series  of  cases,  but  can 
hardly  claim  to  hold  good  for  all  cases  of  syringomyelia. 

The  patJiologico  anatomical  condition  varies  very  much  in 
different  cases.  Cavities  of  very  variable  length  are  met  with  ; 
often  only  of  a  few  millimetres  or  centimetres  in  length,  but  not 
rarely  of  a  length  extending  throughout  the  entire  spinal  cord. 
These  cavities  are  almost  always  more  or  less  centrally  located, 
and  it  is  only  on  more  careful  examination  that  we  can  determine 
their  precise  situation  and  their  relations  to  the  central  canal. 

The  width  of  these  cavities  varies  much — from  one  to  ten  mil- 
limetres, from  the  size  of  a  needle  to  that  of  one's  little  finger. 
Their  form,  on  transverse  section,  is  roundish,  oval,  angular,  sinu- 
ate, etc.  Sometimes  several  cavities  are  found  alongside  of  one 
another.  Their  contents  consist  of  a  fluid  which  is  light  and 
clear,  or  turbid  yellowish,  brownish,  etc. ;  in  many  cases  no  ac- 
curate statement  is  made  on  this  point. 

The  walls  of  the  cavities  may  be  smooth  and  firm,  often  pro- 
vided with  a  layer  of  cylindrical  epithelium,  or  sometimes  rough, 
ragged,  uneven,  etc.^  In  their  vicinity  we  may,  according  to  cir- 
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cumstances,  find  a  hard,  cirrhotic  tissue  or  gray  degeneration,  or 
the  various  new  formations  spoken  of  above. 

Tlie  spinal  cord,  as  a  v^^hole,  is  often  materially  altered  there- 
by, thickened,  misshapen  ;  but  frequently,  also,  nothing  unnatu- 
ral can  be  noticed  about  it  externally.  On  transverse  section  the 
substance  of  the  spinal  cord  either  appears  simply  crowded  and 
pushed  out  of  place  by  the  syringomyelia,  or  more  or  less  exten- 
sively destroyed,  partly  through  simple  degeneration  and  atro- 
phy, partly  through  gray  degeneration,  neoplasms,  extravasa- 
tions, and  the  like.  • 

Symptoms  of  Syringomyelia. 

All  experience  thus  far  teaches  that  the  development  of  cavi- 
ties, as  such,  produces  no  sort  of  symptoms  by  which  it  could  be 
recognized  during  life.  In  many  instances  the  syringomyelia  is 
only  accidentally  discovered  in  the  bodies  of  persons  who  pre- 
sented no  sort  of  spinal  symptoms  during  life,  and  who  died  of 
some  other  disease. 

In  other  cases  the  most  manifold  spinal  symptoms  exist : 
paresis  and  paralysis,  atrophy  of  muscles,  disturbances  of  sensi- 
bility of  various  kinds,  ataxy,  paralysis  of  the  sphincters,  etc., 
in  the  most  varied  combinations.  These  are  doubtless  exclu- 
sively the  results  of  the  primary  alterations  (the  neoplasms, 
chronic  myelitis,  apoplexy,  etc.)  with  which  the  formation  of 
cavities  has  been  associated  later  and  as  an  accidental  complica- 
tion. No  special  symptom,  no  peculiarity  in  the  course  of  the 
disease  betrays  this  complication. 

Hence  it  appears  that  we  are  at  present  possessed  of  no  means 
to  establish  the  diagnosis  of  syringomyelia  during  life.  As  a 
rule  we  shall  not  be  able  to  entertain  anything  more  than  vague 
conjectures  on  the  subject. 

Consequently  there  is  also  no  question  about  prognosis  or 
therapeutics.  The  only  indications  for  the  same  are  to  be  found 
in  fundamental  disease  when  it  is  demonstrated. 
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b.  Saltatory  Spasm. 

Bamberger,  Saltatorisclier  Reflexkrampf,  eine  merkwiirdige  Form  von  Spinalirrita- 
tion.  Wien.  med.  Woch.  1859.  Nr.  4  u.  5. — P.  Outtmann,  Ein  merkwiirdiger 
Fall  von  sog.  saltator.  Kratnpfen.  Berl.  klin.  Woch.  18G7.  Nr.  \Z.—A.  Fretj, 
Ueber  den  saltator.  Reflexkrampf.  Arch.  f.  Psych,  u.  Nerv.  VI.  S.  249.  1875. 
—P.  Guttmann,  Fall  von  saltator.  Reflexkr.  Ibid.  VI.  S.  578.  1876.— >4. 
Euleriburg,  Lehrb.  d.  function.  Nervenkrankh.  S.  699.  1871. 

Under  the  name  of  saltatory  spasm  ["  saltatorisclier  Krampf  "] 
Bamberger,  in  1859,  first  described  two  remarkable  cases  in 
which,  as  soon  as  the  patients  placed  their  feet  upon  the  floor,  such 
a  lively  clonic  twitching  of  the  lower  extremities  set  in  that  the 
patients  were  thrown  into  the  air  over  and  over  again,  innumer- 
able times — in  other  words,  they  fell  into  a  rapid  and  vehe- 
ment, involuntary  act  of  hopping  and  jumping.  Afterwards  P. 
Guttmann  reported  two  similiar  cases  from  Griesinger' s  policlinic, 
and  recently  A.  Frey,  in  communicating  a  valuable  case  from 
Kussmaul's  clinic,  has  worked  up  the  question  in  detail  and 
presented  us  with  a  number  of  suggestive  points. 

The  form  of  disease  under  consideration  is,  on  the  whole,  ex- 
ceedingly rare.  Inasmuch  as,  according  to  the  unanimous  view 
of  all  authors,  which  I  also  share,  if  evidently  represents  a 
functional  disturbance  o/"  ^^e  spine,  I  consider  it  justifiable  briefly 
to  discuss  it  at  this  time. 

For  the  information  of  the  reader  the  five  cases  thus  far  ob- 
served will  be  narrated  in  outline. 

1.  Observation  of  Bamberger  (Case  1).  A  man  nineteen  years  of  age  had  been 
taken  sick  with  acute  pneumonia ;  during  convalescence  from  the  same,  severe 
spasms,  of  a  remarkable  character,  occurred.  At  the  moment  when  the  patient's  feet 
touched  the  floor  a  tetanic  rigidity  of  his  legs  took  place,  accom^yanied  hy  the  most  severe 
concussions,  so  that  the  patient  was  throion  into  the  air  ;  this  was  repeated  with  great 
rapidity  as  long  as  the  patient  was  maintained  in  an  upright  position.  At  the  same 
time  his  face  wasveij  red,  his  heart's  action  much  accelerated ;  he  had  no  pain. 

In  a  lying  or  sitting  posture  there  was  not  the  slightest  anomaly  to  be  recog- 
nized in  the  patient.  The  sensibility  and  motility  of  the  legs  then  appeared  entirely 
normal.  But  when  his  feet  were  pressed  against  the  foot  of  the  bed  similar 
convulsions  took  place ;  the  spasm  could  also  be  originated  by  tickling  the  soles  of 
VOL.  XIII.— 51 
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Ms  feet,  and  then  it  sometimes  extended  to  the  arm.  No  atrophy ;  no  pain  along 
the  vertebrae. 

In  the  further  course  of  the  case,  while  the  reflex  excitability  of  the  lower  ex- 
tremities still  increased,  twitchings  of  the  face  also  set  in,  as  well  as  increased 
heart's  action,  dyspnoea,  oscillating  movements  of  the  iris,  etc. 

The  administration  of  morphine  seemed  to  have  a  decidedly  favorable  effect  on 
the  spasm,  and  in  the  course  of  a  few  weeks  recovery  took  jjlace. 

3.  Observation  of  Bamberger  (Case  2).  A  hysterical  woman,  thirty  years  of  age, 
suffering  from  chlorosis  and  cardialgia,  and  complaining  of  a  great  general  sense 
of  weariness.  One  day  when  she  got  up,  the  same  spasms  were  noticed  in  her  as  in 
the  first  case.  As  soon  as  her  feet  touched  the  floor  she  was  at  once  tossed  hilo  the  air 
and  this  icas  repeated  as  long  as  she  maintained  the  upright  posture.  Her  face  was  at 
the  same  time  distorted  into  an  anxious  expression  and  the  heart's  action  was  very 
tumultuous.  The  spasm  also  extended  as  far  up  as  her  head ;  after  the  attack  a 
certain  rigidity  remained,  accompanied  by  slight  twitchings,  for  a  quarter  of  an 
hour  after  the  patient  was  put  to  bed. 

Motility  and  sensibility  seemed  normal.  Tickling  the  soles  of  the  feet  called 
forth  no  reflex  action.  On  pressing  the  feet  against  the  foot  of  the  bed  twitchings 
occurred  only  in  the  upper  half  of  the  body.  Nothing  else  particularly  abnormal 
was  recognized. 

Subsequently  excitability  was  still  further  increased,  to  sink  again  soon  and 
then  to  remain  stationary.  At  a  later  period  all  sorts  of  hysterical  forms  of  spasm 
were  developed.    The  saltatory  spasm  did  not  disappear  until  after  quite  a  while. 

3.  Observation  of  Guttmann.  A  man  forty-six  years  of  age.  Sixteen  years 
before,  he  had  fever  with  congestion  of  the  head  and  hallucinations.  Afterwards  he 
had  had  frequent  repetitions  of  this  congestion,  with  shooting  pains  in  his  limbs. 
Three  years  ago  he  had  the  same  pains  again,  followed  by  trembling  in  the  limbs, 
first  in  the  left  foot  on  walking,  then  also  in  the  right ;  at  that  time,  already,  he  had 
saltatory  spasm,  which  was  sometimes  stronger,  sometimes  weaker,  but  on  the  whole 
gradually  grew  worse.  Now  there  is  very  well-marhed  hounding  as  soon  as  the  patient 
touches  the  floor  unless  he  has  a  strong  support  for  his  arms.  JJe  is  flung  into  the  air 
with  great  force  and  rapidity  ;  his  head  and  trunk  are,  at  the  same  time,  bent  back- 
ward, thereby  putting  him  in  danger  of  falling  upon  his  back.  He  also  suffers 
severe  pain  at  such  times,  with  a  sense  of  oppression.  The  spasms  are  especially 
severe  in  the  morning,  towards  evening  they  often  disappear  altogether.  Psychical 
disturbances  especially  favor  their  occurrence.  The  attacks  are  generally  preceded 
by  a  sort  of  aura  in  the  form  of  a  painful  drawing  sensation  in  the  legs  and  back 
as  far  up  as  the  back  of  the  head.  He  complains  of  pain  along  the  spine,  also 
sometimes  of  para;sthesia. 

Objectively,  sensibility  seems  to  be  normal.  Tlie  spi7iovs  processes  of  several  ver- 
tebrm  are  tender  on  pressure,  and  severe  pressure  on  these  is  sometimes  capable  of 
originating  a  rudimentary  attack.  Cutaneous  irritation  of  the  soles  of  the  feet  is 
wilhoiU  effect.  The  spasms  only  occur  at  certain  times ;  during  the  intervals  the 
patient  can  walk  about,  stamp  on  the  floor,  etc.,  without  inducing  an  attack. 
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All  therapeutic  interference  proved  unavailing.  The  patient  kept  his  trouble 
unchanged  (with  the  aura,  and  influenced  by  psychical  excitement)  until  his  death, 
which  followed  five  years  later  from  typhoid  fever. 

4.  Observation  of  Frey.  A  man  seventy  years  of  age,  who  had  been  very  much 
reduced  by  previous  diseases,  suffered  for  two  months  from  rheumatic  pains  in  both 
legs  and  in  the  left  arm,  which  have  grown  stiff  and  weak.  At  a  later  period  trem- 
hling  set  in  when  motions  were  executed,  first  in  the  right  leg,  then  in  the  left  arm. 
The  trembling  assumed  a  more  and  more  convulsive  character,  and  after  fourteen 
days  fully  developed  spasms  were  present.  On  passive  and  active  muscular  move- 
ment, severe  clonic  spasms,  starting  from  the  left  arm,  whicli  is  in  a  state  of  moder- 
ately flexed  contracture,  show  themselves  in  that  arm,  throwing  the  entire  extremity 
upward  with  great  violence  about  three  hundred  times  in  a  minute;  then  they  pass 
over  to  the  right  arm  and  enact  just  the  same  scene  there.  If  the  left  arm  is  held 
up  still  longer,  the  spasms  now  pass  to  the  right  leg,  and  finally  to  the  left  leg. 
After  a  few  minutes  the  intensity  of  the  spasms  abates,  and  they  disappear  again 
gradually  in  the  reverse  order  from  that  in  which  they  arose.  All  attempts  to  pro- 
duce the  spasms  by  purely  cutaneous  irritation  were  unavailing. 

Quite  the  same  state  of  things  existed  in  the  rigid  leg.  This  showed  distinct 
muscular  tension;  on  the  attempt  to  make  active  or  passive  movements,  severe 
clonic  twitchings  (about  300  times  in  a  minute)  set  up  in  this  leg,  which  at  once 
l>assed  to  the  left  leg,  then  to  the  left  arm,  and  finally  to  the  right  arm,  gradually 
disappearing  again  in  the  reverse  order.  Here,  too,  the  spasm  could  not  be  called 
forth  liy  irritation  of  the  skin  alone,  nor  by  pressure  upon  the  sole,  as  long  as  the 
foot  was  not  moved. 

If  the  patient  attempts  to  stand  on  the  floor,  as  soon  as  the  soles  of  his  feet  touch 
it  lie  is  thrown  into  the  air  with  great  force  hy  clonic  spasm,  of  the  muscles  of  the  calf, 
which  at  first  occurs  in  both  calves  at  once  and  afterwards  becomes  alternating,  so 
that  a  very  curious  tripping  step,  of  extreme  rapidity,  results.  At  the  same  time  there 
is  intense  pain  in  the  legs.    As  soon  as  the  patient  sits  down,  the  sijasms  cease. 

No  disturbances  of  sensibility.  Electrical  excitability  normal.  Moderate  atrophy 
of  tJie  muscles. 

A  singular  fact  was  observed,  viz. :  that  the  most  violent  spasms  could  be 
quickly  quieted  by  pressure  upon  the  bellies  of  the  muscles  of  the  left  arm  and 
forearm  in  the  neigliborhood  of  the  elbow  (control  of  reflex  action).  The  same 
thing  was  true  of  the  right  leg  through  pressure  on  the  quadriceps  femoris  a  little 
above  the  knee. 

The  malady  underwent  no  improvement  under  the  use  of  various  remedies. 

5.  Observation  of  Quttmann :  A  soldier,  nineteen  years  old,  was  taken  sick  with 
dizziness,  lieadache,  great  sensitiveness  of  the  spinal  column  and  cramps  in  his  feet. 
The  manifestations  quickly  increased.  At  tlie  end  of  five  weeks,  as  soon  as  the  pa- 
tient is  set  up  alone  on  the  floor  he  is  at  once  thrown  into  the  air,  and  this  is  repeated 
with  increasing  frequency  and  violence  of  the  movements  until,  after  afeio  minutes,  the 
patient  threatens  to  sink  to  the  ground  exhausted.  At  the  same  time  he  has  pain  in 
the  lower  extremities,  palpitation  of  the  heart,  dyspnoea  and  a  red  face.  The  clonic 
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spasms  are  confined  to  the  muscles  of  the  leg  and  thigh ;  all  the  remaining  muscles 
of  the  body  are  free.  In  the  sitting  posture,  when  the  soles  of  the  feet  touch  the 
ground,  spasms  also  set  in,  but  more  feebly,  in  the  form  of  a  convulsive  tremor  of 
the  feet.  If  the  sole  of  one  foot  is  tapped  with  the  finger,  as  in  percussion,  the  clonic 
twitchings  are  at  once  set  up ;  on  strong  percussion,  they  are  developed  even  in 
both  legs.  Tlie  same  thing  occurs  on  pressing  the  feet  against  the  foot  of  the  bed. 
The  twitchings  cannot  be  aroused  through  any  other  portion  of  the  body. 

No  disturbances  of  sensibility  and  none  of  mobility  in  the  lower  extremities.  The 
spinal  column  was  painful  on  pressure  in  three  places. 

In  the  course  of  a  year,  gradual  improvement  set  in. 


These  are  the  only  cases  thus  far  known  in  literature,  in 
which  the  symptom  of  "saltatory  spasm"  has  so  far  stood  in 
the  foreground  as  to  be  deemed  wortliy'of  special  notice.  Simi- 
lar conditions  of  enormously  increased  reflex  excitability  are 
alluded  to,  here  and  there,  in  the  pathology  of  the  spinal  cord, 
and  yet  only  in  cases  that  presented  much  more  severe  and  com- 
plicated diseases  of  the  spinal  cord.  From  more  recent  litera- 
ture I  mention,  for  instance,  the  case  of  Mosengeil,'  in  which, 
after  a  traumatic  injury  of  the  spinal  column,  a  very  high  degree 
of  increase  of  reflex  excitability  was  developed,  together  with 
simultaneous  paralysis.  A  recently  published  case  of  Chouppe's " 
no  doubt  also  belongs  in  this  category,  even  though  it  is  not 
entirely  identical  with  "  saltatory  spasm."  The  case  is  that  of 
a  man  forty  years  of  age  who  has  been  diseased  for  ten  years 
without  change.  When  he  begins  to  walk  nothing  abnormal  can 
be  noticed,  but  when  he  has  walked  thirty  to  forty  yards  the 
extensors  of  his  legs  and  thighs  contract  powerfully  and  sud- 
denly so  that  the  patient  makes  a  leap  that  raises  him  some  eight 
or  ten  inches  from  the  ground.  Then  the  muscles  remain  con- 
tracted, the  limbs  are  cold,  hard,  and  painful.  This  condition 
lasts  about  a  minute.  If  the  patient  goes  on  walking  this  attack 
either  recurs  again  soon  or  he  may  walk  great  distances  without 
noticing  anything  more, 

'  Berl.  klia.  Wochenschrift.  1875.  No.  43.  p.  588. 

'  Contractare  des  memjbres  infcrieures  provoqui'!e  par  la  marche.  Gaz.  mcd.  de 
Paris.  1877.  No.  11.  p.  138.    See.  d.  Biolog. 
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The  foregoing  five  cases  have  this  characteristic  in  common, 
that  in  all  there  toas  a  aery  extraordinary  increase  of  reflex  ex- 
citahility,  hut  only  in  certain  nerve-tracts;  that,  as  a  result  of 
the  same,  on  standing  up^  or  on  touching  the  sole  of  the  foot  to 
the  floor,  a  singular  spasr)i  occurs,  which  has  heen  xery  appro- 
priately  designated  as  '■'saltatory and  finally,  that  ^7iz,y  in- 
cr eased  reflex  excitahility  appeared  as  an  isolated  fact,  without 
any  otlier  or  with  but  insignificant  spinal  symptoms ;  that,  in 
particular,  there  was  no  serious  paralysis. 

An  elevation  of  reflex  excitability,  even  to  a  very  astonishing 
degree,  is  by  no  means  a  rare  manifestation  in  the  pathology  of 
the  spinal  cord ;  this  can  be  demonstrated  in  every  instance  of 
myelitis  from  compression,  in  every  high  grade  of  spastic  spinal 
paralysis,  and  several  other  forms  of  spinal  disease.  Here,  how- 
ever, it  is  generally  associated  with  paralysis  and  other  severe 
spinal  symptoms.  On  the  other  hand,  the  almost  isolated  and 
quite  preponderating  occurrence  of  increased  reflex  excitability 
is  certainly  very  rare,  and  proves  that  the  reflex  apparatus  as 
well  as  the  tracts  that  control  reflex  action  are  certainly  but 
rarely  diseased  alone.  But  it  likewise  appears,  from  the  above 
cases  of  saltatory  spasm,  that  such  isolated  or  well-nigh  isolated 
disease  may  yet  occur. 

The  method  of  action  of  saltatory  spasm  has  something  very 
peculiar  about  it ;  this  being  thrown  upwards  as  soon  as  one's 
feet  touch  the  floor,  this  severe  spasm  of  hopping,  which  puts  the 
whole  body  in  motion  with  great  rapidity,  is  extremely  charac- 
teristic ;  it  constitutes  the  most  prominent  symptom  and  belongs 
to  all  cases  of  the  disease,  although  in  some  instances  various 
other  spasmodic  manifestations  are  also  reported. 

With  regard  to  the  true  essence  and  the  starting-point  of  this 
peculiar  cramp  we  are  not  yet  altogether  in  the  clear,  in  spite  of 
the  careful  observation  of  cases,  and  in  spite  of  the  peculiarly 
accurate  examinations  of  Frey.  It  is  a  pity  that,  at  that  time, 
the  reflex  excitability  of  tendons  was  unknown.  Although  Grutt- 
mann  believes  that  no  relation  can  be  established  between  this 
and  saltatory  spasm,  yet  I  cannot  rid  myself  of  the  idea  that  the 
tendons  are  the  very  parts  that  must  decidedly  have  something 
to  do  with  these  spasms.  At  least  in  Frey's  case  it  was  positively 
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demonstrafced  that  tlie  reflex  action  did  not  originate  in  the  skin. 
Frey  regards  it  as  due  to  the  tension  and  stretching  of  the  mus- 
cles, but  it  is  a  question  whether  the  tendons  were  not  at  the 
same  time  also  stretched  and  irritated.  The  fact  that  in  several 
cases  pressing  the  ieefc  against  the  foot  of  the  bed,  and  that  in 
Guttmann's  case  tapping  on  the  sole  of  the  foot  {sic!)  aroused 
the  reflex  spasm,  speaks  strongly  in  favor  of  my  opinion.  The 
well-known  dorsal  clonic  spasm  of  the  feet  in  its  higher  grades, 
in  which  both  legs  fall  into  a  lively  convulsive  trembling  {trepi- 
dation epileptoide)  must,  in  my  opinion,  bear  a  very  great  re- 
semblance to  saltatory  spasm,  and  I  can  readily  imagine  that  the 
patients  who  show  this  phenomenon  would  also  develop  salta- 
tory spasm  if  it  were  possible  to  set  them  on  their  feet  and  keep 
them  standing  ;  but  they  are  generally  the  victims  of  severe 
paraplegia.  These  considerations  at  all  events  inspire  the  wish 
in  future  cases  more  accurately  to  test  the  question  of  whether 
saltatory  spasm  does  not  bear  a  certain  relation  to  the  reflex 
excitability  of  tendons — whether  it  does  not  represent  an  increase 
— certainly  to  a  very  high  degree — of  dorsal  clonic  spasm  of  the 
feet.  At  the  same  time,  Bamberger's  first  case  seems  to  show 
that  the  reflex  action  may  also  originate  in  the  skin  ;  this,  how- 
ever, is  in  part  also  true  of  dorsal  clonic  spasm,  and  may  be 
explained  in  other  ways. 

There  cannot  be  the  slightest  doubt  that  the  phenomenon  is 
really  nothing  else  than  a  reflex  spasm  ;  this  appears,  to  a  dem- 
onstration, from  all  observations,  and  quite  particularly  from  the 
case  of  Frey,  in  which  the  subsidence  of  the  reflex  manifestations 
followed  in  quite  a  typical  manner.  The  fact,  too,  of  the  check- 
ing of  the  reflex  action  by  strong  mechanical  irritation  of  the 
structures  lying  beneath  the  skin  may  also  be  understood  in  the 
same  sense. 

We  have,  therefore,  in  all  cases  to  deal  with  a  peculiar  form 
of  spasm  caused  by  extraordinarily  increased  reflex  excitability 
of  the  spinal  cord^  and  principally  localized  in  certain  nerve- 
tracts. 

But  does  this  constitute  a  distinctive,  well-characterized  form 
of  spasm,  perhaps  somewhat  similar  to  tetanus,  or  is  it  only  one 
— certainly  very  striking  and  remarkable,  but  yet  single— syrap- 
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torn  of  disease  wliicli  may  occur  in  various  affections  of  the 
spinal  cord  ? 

For  the  present  I  should  be  more  disposed  to  accept  the  latter 
alternative.  Just  as  is  the  case  with  ataxy,  with  muscular  ten- 
sion, with  partial  paralyses  of  sensation,  and  many  other  things, 
so  saltatory  spasm  might  also  only  be  a  peculiar  symptom  be- 
longing to  the  localization  of  diseased  processes  in  quite  dehnite 
portions  of  the  cord.  Whether  this  symptom  can  be  the  main 
and  essential  one  in  a  certain  definite  form  of  disease  ;  whether 
it  will,  therefore,  be  possible,  in  the  future,  to  gather  together 
cases  of  this  increased  reflex  excitability  under  the  name  of  "  sal- 
tatory spasm,"  taking  only  the  purest  cases  and  those  most  free 
from  other  manifestations  ;  can  only  be  determined  by  future  in- 
vestigations. And  in  these  it  would  be  desirable  to  give  special 
prominence  to  the  more  accurate  study  of  reflex  action  itself  and 
its  starting-points,  and  to  settling  the  question,  so  far  as  possible, 
of  all  other  concomitant  manifestations. 

The  cases  at  present  before  us,  although  they  are  bound 
together  by  the  common  symptom  of  "saltatory  spasm,"  can 
hardly  be  considered  as  the  same  in  kind  and  belonging  to  a 
definite  form  of  disease.  One  case  (Bamberger's  2d)  is  decidedly 
of  hysterical  origin ;  in  another  (that  of  Frey)  the  paresis,  the 
contractures,  and  the  atrophy  that  were  present,  speak  in  favor 
of  the  existence  of  chronic  myelitis ;  in  the  other  three  cases 
(Bamberger's  1st,  Guttmann's  1st  and  2d)  no  other  spinal  func- 
tions seemed,  to  any  considerable  degree,  affected ;  sensibility 
and  motility  were  quite  normal.  In  these  cases  it  would  at  least 
seem  natural  to  regard  them  as  peculiar  forms  of  disease,  whose 
main  symptom  was  the  saltatory  spasm.  They  would  constitute 
the  germ  of  a  subsequent  more  accurate  array  of  cases  of  this 
form  of  disease. 

The  main  causes  of  this  disease  would  seem  to  be  previous 
illnesses,  debilitating  influences,  neuropathic  disturbances. 

The  distribution  of  the  spasms  differs  very  much  in  individual 
cases ;  sometimes  they  are  confined  to  the  legs  ;  sometimes  they 
also  extend  to  the  back,  the  neck,  and  face,  even  to  the  organs 
of  circulation  and  respiration,  and  to  the  pupils.  In  all  cases 
the  arms  remained  free  during  the  actual  saltatory  sjpasm,  and 
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could  be  used  bj  the  patient  for  his  support.  The  spasm  was 
almost  always  accompauied  by  lively  pain  in  the  legs.  In  one 
instance  the  spasm  occurred  only  on  standing  ;  in  others  it  could 
also  be  called  forth  by  appropriate  irritation  when  lying  down. 
Psychical  influences  could  be  shown  in  a  number  of  instances 
either  to  favor  or  to  control  the  spasm. 

After  giving  the  above  reports  of  all  the  known  cases,  it  is 
not  necessaiy  further  to  delineate  the  picture  of  the  disease. 
The  diagnosis  of  saltatory  spasm  will,  as  a  rule,  be  easy,  on 
account  of  the  extremely  characteristic  occurrence  of  the  hop- 
ping movements  as  soon  as  the  feet  touch  the  floor. 

As  regards  the  therapeutics  of  this  manifestation,  no  great 
results  can  yet  be  shown.  In  most  instances  all  possible  thera- 
peutic measures  (warm  baths,  cold  sponging,  ice  to  the  back,  gal- 
vanism, arsenic,  iodide  and  bromide  of  potassium,  etc.)  proved 
entirely  ineffective  ;  the  trouble  remained  stationary,  or  ran  its 
course  to  a  favorable  termination,  apparently  uninfluenced  by 
therapeutic  measures.  Only  in  the  first  case  of  Bamberger  did 
the  administration  of  morphine  seem  to  exert  a  decidedly  bene- 
ficial influence  on  the  spasm. 

The  treatment  of  this  peculiar  condition  is  therefore  still  to 
be  discovered.  It  might  be  desirable,  first  of  all,  to  keep  our  eye 
on  trials  of  bromide  of  potassium,  calabar  bean,  ergotine,  and 
atropia  (see  this  Vol.,  p.  189). 

c.  Tonic  Snasms  TCramps]  in  Muscles  Capable  of  Voluntary  Movement. 

Charles  Bell,  Affections  of  the  Voluntary  Nerves.  Physiological  and  Pathological 
Investigations  of  the  Nervous  System.  German  by  Romberg,  1832.  p.  367.— 
M.  Benedict,  Ueber  spontane  u.  reflector.  Muskelspann.  u.  Muskelstarre. 
Deutsche  Klin.  1864.  Nr.  30-34.— Elektrotherapie.  S.  134  ff.  ISdS.—Leyden, 
Klinik  u.  s.  w.  I.  S.  128.  1874.—/.  Thomsen,  Tonische  Kriimpfe  in  willkurlich 
beweglichen  Muskeln  in  Folge  von  ererbter  psychischer  Disposition.  Arch.  f. 
Psych,  u.  Nerv.  VI.  S.  702.  1876.—^.  Seeligmueller,  Ton.  Krampfe  in  wilk. 
bewegl.  Muskeln  (Muskelhypertrophie  ?).  Deutsch.  med.  Woch.  1876.  Nr.  33 
u.  34. 

After  attention  had  been  directed  for  a  long  time  to  certain 
conditions  of  muscular  rigidity  which  occur  in  some  diseases  of 
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the  spinal  cord,  and  also  in  other  nervous  affections,  cases  were 
more  recently  described  by  J.  Thomsen  and  Seeligmueller  in 
wliich  such  muscular  tension  and  regular  tonic  spasms,  on  volun- 
tary motion,  formed  almost  the  only  demonstrable  manifestations 
of  disease.  These  were  cases  that  probably  depended  on  a  con- 
genital anomaly  of  the  nervous  system  that  occurred  repeatedly 
in  one  and  the  same  family,  and  were  hereditary  through  several 
generations — cases  which  caused  the  individuals  tlius  attacked 
great  annoyance,  and  often  led  to  their  being  falsely  judged  and 
unjustly  treated. 

As  these  cases  are  of  decided  practical  importance,  and  may 
acquire  the  most  serious  significance  to  the  individual — in  case 
of  his  being  subject  to  military  duty,  for  instance — and  as  they 
are,  furthermore,  probably  of  spinal  origin,  they  will  here  be 
briefly  noticed. 

We  will  first,  as  a  sample  of  this  peculiar  disturbance,  com- 
municate the  case  very  fully  investigated  and  described  by 
Seeligmueller. 

Richard  Kroitzsch,  a  recruit,  twenty-two  years  of  age,  had  well-nigh  driven  his 
drill-sergeant  to  despair,  because  he  could  not  learn  to  handle  his  musket  with 
anything  like  the  requisite  rapidity  and  precision,  and,  furthermore,  repeatedly  let 
his  piece  fall,  in  the  midst  of  the  drill,  or  even  fell  to  the  ground  himself,  without 
losing  consciousness.  The  recruit  stated  that  a  certain  stiffness  and  tension  in  Ms 
arms  and  legs,  especially  after  long  rest  of  the  extremities,  prevented  the  rapid  and 
precise  carrying  out  of  the  movements.  An  older  sister  sufEers  from  the  same 
affection. 

The  patient  has  been  affected  with  this  trouble  from  his  earliest  childhood.  He 
never  could  execute  rapid  movements ;  was  prevented  for  this  reason  from  becom- 
ing a  waiter,  and  was  obliged  to  adopt  a  sedentary  occupation.  The  stiffness  is 
very  great  after  sitting  still  for  a  considerable  time,  and  also  on  getting  up  in  the 
morning.  It  is  claimed  that  his  extremities  ahcays  grow  more  supple,  and  are  under 
better  control  after  prolonged  movement ;  this  also  proved  to  be  the  case  after  drilling 
for  a  long  time.  His  speech  is  also  somewhat  hesitating.  His  legs  and  forearms 
often  have  the  subjective  sensation  of  being  asleep  and  of  formication.  No  pain 
and  never  any  cramps  in  the  calves  of  the  legs. 

Objective  examination  showed  a  man  of  medium  stature,  with  but  a  slight  layer  of 
fat,  but  with  well  developed,  and  in  part  even  athletic,  muscles.  Tlie  domain  of  the 
facial  nerve  and  the  tongue  were  normal.  Speech  good.  There  was  no  tenderness 
on  pressure  over  the  spinal  column,  the  nerves  or  muscles  of  the  extremities.  Reflex 
movement  on  tickling  the  soles  of  the  feet  increased. 
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There  was  an  enormous  development  of  single  symmetrical  groups  of  muscles,  thus 
of  the  calves  of  the  legs,  the  quadriceps  and  trapezius  muscles,  tlie  glutaei,  tlie  biceps 
muscles,  etc.  The  measurements  given  showed  an  unusual  size  of  the  individual 
parts.  Tiiis  massive  develoijment  is  comparatively  uniform  for  the  uijper  and  lower 
extremities.  There  is  considerable  lordosis  of  the  lumbar  portion  of  the  spinal 
column.  Skin  and  panniculus  normal.  Almost  all  the  muscles  show  an  uneven, 
Molly  surface,  which  becomes  more  distinct  on  motion.  Tlie  niuscles  feel  as  hard 
as  loards,  especially  when  they  are  set  in  action,  when  they  swell  up  into  knotty 
ridges.  This  is  also  the  case  when  they  are  irritated,  mechanically  or  electrically. 
On  tapping  over  them,  the  parts  affected  at  once  contract  into  firm  masses,  standing 
out  in  relief.  The  same  thing  takes  place  on  irritation  with  the  faradic  current, 
and  it  appears,  furthermore,  that  the  tetanus  thus  called  forth  continues  dispropor- 
tionately long  (five  seconds  and  more)  after  tlie  action  of  the  faradic  irritation  has 
ceased.  The  same  manifestations  were  also  called  forth  through  a  strong  galvanic 
current. 

In  the  muscles  of  the  upper  arm  and  shoulder  there  were  distinct  filrillar  con- 
tractions. The  active  movdbility  of  the  extremities  did  not  aj^pear  to  le  materially 
disturled,  during  the  examination — only  the  rotation  of  the  shoulder-joint  was  a 
little  slow  and  hesitating.  Gonsideralle  olstacles  were  opposed  to  passive  motion  in 
most  of  the  joints,  particularly  the  knee-joint.  There  were  no  disturbances  of  co- 
ordination. Climbing  stairs  was  executed  with  the  legs  somewhat  spread.  No 
muscular  tetanus  could  be  called  forth  by  compression  of  the  trunks  of  the  nerves 
or  arteries.  The  galvanic  and  faradic  excitability  of  the  nerves  and  muscles  proved 
to  be  quite  normal. 

Seeligmueller  was  induced  to  report  the  preceding  case  by  the 
description  wliicli  Dr.  J.  Thomsen  had  given  of  tliis  peculiar  form 
of  disease.  Thomsen  himself  has  suffered  from  the  affection 
since  his  youth,  and  has  demonstrated  its  existence  in  his  own 
children,  in  his  brothers  and  sisters,  and  in  his  ancestors,  includ- 
ing numerous  cases,  and  running  through  not  less  than  four 
generations. 

The  description  which  he  gives,  somewhat  concisely,  of  him- 
self and  of  one  of  his  sons  who,  by  reason  of  the  imperfect  judg- 
ment formed  concerning  his  case,  had  to  suffer  much  at  the 
hands  of  the  military  surgeons,  agrees  in  all  essential  points 
with  Seeligmueller' s  case. 

The  difficulty  begins  in  earliest  youth  ;  Thomsen  was  able,  in 
part,  to  recognize  it  in  his  children  even  in  the  cradle.  It  con- 
sists in  a  deficiency  in  the  influence  of  the  will  on  the  muscles, 
which  fall  into  a  state  of  rigidity  and  stiffness,  and  even  into 
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complete  tonic  spasm  wlien  they  attempt  to  obey  the  will.  This 
appears  the  more  prominently  the  more  powerfully  patients 
exert  their  will  to  overcome  the  obstacle,  the  more  they  are  ob- 
served, or  are  the  subjects  of  psychical  excitement  generall}^ 
This  condition  may  become  so  extreme  that  patients  fall  to  the 
ground  and  tumble  around  helpless  until  the  spasm  abates.  On 
the  receipt  of  sudden  severe  psychical  impressions  a  sudden 
painful  sensation  shoots  through  all  the  voluntary  muscles. 
Low  temperature,  taking  cold,  and  all  conditions  of  disease  in- 
crease the  evil,  warmth  and  movement  diminish  it.  The  sphinc- 
ters are  not  involved.  When  the  patients  once  get  agoing,  and 
the  will  has  attained  its  influence  over  the  muscles,  then  they  are 
as  capable  of  movement  as  well  people. 

No  other  disturbances  of  any  kind  are  to  be  observed.  Psy- 
chically these  people  are  well,  although  the  fear  of  betraying 
their  condition  before  people,  and  the  wish  to  conceal  it,  rule 
them  and  influence  their  character.  There  is  nothing  abnormal 
to  be  found  in  their  corporal  condition;  the  muscular  system, 
particularly,  may  be  quite  admirable  and  well  developed.  In 
Rostock  they  excised  a  piece  of  muscle  from  Thomsen's  son 
and  found  it  perfectly  normal. 

The  heredity  of  the  trouble  is  very  remarkable,  as  is  strik- 
ingly manifested  in  Thomsen's  family.  The  great-grandmother 
of  Dr.  Thomsen  died  of  puerperal  mania,  and  her  two  sisters 
were  afterwards  psychically  diseased.  His  grandfather  was  also 
mentally  weak.  Of  his  four  children,  two  had  the  stiffness  to  a 
high  degree,  the  other  two  (including  Thomsen's  mother),  to  but 
a  slight  degree.  Among  tlie  children  of  this  generation,  the  evil, 
as  well  as  conditions  of  psychical  weakness,  was  very  wide-spread ; 
of  thirteen  children  borne  by  the  mother  of  Thomsen,  seven  suf- 
fered from  this  rigidity.  Among  the  thirty-six  descendants  of 
Dr.  Thomsen  and  his  brothers  and  sisters,  on  the  other  hand, 
but  six  suffer  from  this  complaint.  Four  of  his  own  Ave  sons 
have  the  disease.  This  is,  therefore,  a  very  classical  example  of 
"neuropathic  encumbrance"  ["neuropathischer  Belastung"]  in 
a  family, 

I  furthermore  find  a  case  in  Leyden  (1.  c.)  which  plainly  be- 
longs here,  and  some  details  of  which  I  wish  to  mention,  as  it 
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may  serve  in  certain  respects  to  complete  tlie  description  of 
Seeligmueller. 

A  merchant;  twenty-eight  years  of  age,  whose  brother  suffers  from  a  similar 
muscular  affection,  and  whose  muscles  are  developed  in  quite  an  athletic  manner, 
shows  a  striking  stiffness  in  all  his  movements,  which  he  has  had  from  his  earliest 
youth.  Individual  groups  of  muscles  do  not  promptly  obey  the  will,  and,  when  a 
certain  movement  is  intended,  come  to  a  stand-still  half  way  in  a  state  of  tetanic 
rigidity.  His  speech  is  slow  and  awkward,  as  are  also  the  movements  of  tlie  tongue. 
Some  of  the  motions  of  the  eyes,  and  of  those  muscles  controlled  by  the  facial 
nerve,  are  also  sluggish.  If  the  patient  rfilenches  his  fist  powerfully  it  is  impos- 
sible for  him  to  extend  his  fingers  again  immediately;  this  is  accomi)lished  but 
slowly,  as  if  he  had  to  overcome  a  serious  obstacle.  After  these  attempts  have  been 
repeated  a  number  of  times  the  movements  are  accomplished  more  easily.  The 
same  manifestations  occur  in  the  lower  extremities,  etc.  Aside  from  this  the  patient 
is  perfectly  well.    The  malady  remained  uninfluenced  by  any  treatment. 

In  Benedict,  too,  there  are  some  observations  in  wliicli  this 
appearance  of  muscular  stilfness  stood  out  in  a  very  prominent 
manner.  This  is  particularly  true  of  observation  No.  88,  in  his 
"Electrotherapy,"  v^^hile  observation  No.  86  doubtless  represents 
a  somewhat  more  complicated,  but,  in  certain  respects,  a  similar 
case, 

Charles  Bell,  too,  has  undoubtedly  seen  the  affection  here  dis- 
cussed, and  has  described  it — even  though  in  quite  hasty  lines — in 
that  portion  of  his  celebrated  work  cited  above. 

I  myself  very  recently  observed  a  case  which,  at  least,  gave 
indications  of  quite  similar  manifestations.  The  patient,  twenty- 
one  years  of  age,  came  to  me  on  account  of  symptoms  indicating 
multiple  sclerosis  in  process  of  development,  and  stated  that  from 
his  youth  up  he  had  been  the  butt  of  his  comrades  on  account 
of  his  being  so  stiff  and  unhandy.  He  had  always  felt  a  cramp- 
like stiffness  in  his  limbs  whenever  he  endeavored  to  use  them 
rapidly,  especially  if  he  was  being  observed  by  others.  This  was 
noticeable  in  rising  from  a  chair,  in  going  up  stairs,  etc. ;  if  he 
took  a  firm  hold  of  any  slender  object  with  his  hands,  he  was 
unable  to  let  go  of  it  again  immediately,  etc.  This  condition  was 
worse  in  the  cold.  When  once  started  in  walking  his  movements 
followed  much  more  easily. 

Signs  of  these  conditions  are  often  enough  met  with  in  per- 
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sons  with  disease  of  the  spinal  cord,  but  then  they  are  always 
complicated  with  other  and  more  severe  spinal  symptoms.  This 
peculiar  stiffness  and  awkwardness  of  motion,  and  the  fact  that 
many  patients  walk  and  move  worse  when  they  are  being  ob- 
served, are  known  to  every  experienced  physician. 

On  the  other  hand,  the  almost  isolated  occurrence  of  these 
disturbances,  as  it  appears  in  the  cases  given  above,  is  certainly 
a  rarity,  though  it  might  be  worthy  of  the  special  attention  of 
military  surgeons. 

Briefly  stated,  the  picture  of  the  disease,  as  based  upon  the 
scanty  material  at  hand,  is  about  as  follows  : 

From  their  earliest  youth — doubtless,  as  a  rule,  under  the 
influence  of  hereditary  conveyance — these  patients  suffer  under  a 
peculiar  disturbance  of  movement,  which  is  but  rarely  developed 
for  the  first  time  in  adults.  This  disturbance  of  movement  con- 
sists in  a  peculiar  stiffness  and  rigidity  of  the  muscles  which  are 
intended  to  be  set  in  action  by  the  will ;  a  stiffness  which  may 
increase  to  a  regular  tonic  cramp,  so  that  movements  are  entirely 
hindered,  the  patients  fall  to  the  ground,  etc.  Just  as  the  vol- 
untary contraction  of  the  muscles  is  opposed  by  a  strong  internal 
obstacle,  so  the  termination  of  a  contraction  that. has  once  set  in 
also  follows  but  slowly,  as  if  overcoming  an  obstacle  ;  the  con- 
tractions which  were  accomplished  with  difficulty  persist  long — 
patients  cannot  at  once  let  go  of  articles  which  they  have  seized 
firmly.  It  is  only  when,  after  repeated  powerful  efforts  of  the 
will,  the  tracts  for  motor  excitation  seem,  as  it  were,  to  have 
become  free  again,  that  movements  follow  with  increasing  free- 
dom and  ease,  and  are  but  little  to  be  distinguished  from  healthy 
movements.  Psychical  influences,  sudden  mental  impressions, 
the  effort  of  paying  attention,  the  presence  of  strangers,  cold, 
etc.,  act  unfavorably  on  the  condition  ;  warmth,  moderate  move- 
ment, a  good  state  of  mind,  a  high  degree  of  self-confidence, 
relieve  it.  Aside  from  this  these  patients  are  well ;  their  bodily 
and  mental  functions  are  accomplished  normally ;  their  muscular 
system  may  be  admirably  developed  and  even  capable  of  accom- 
plishing a  large  amount  of  labor.  Sometimes  (always  ?)  tension 
of  muscles  takes  place  on  making  passive  movement,  and  on 
mechanical  and  electrical  m-itation  of  the  muscles  strikingly 
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powerful  tonic  contractions  of  the  same  set  in.  With  all  this, 
such  patients  are  unfit  for  many  of  the  duties  of  daily  life  and 
for  the  exercise  of  various  callings,  and  above  all  are  unqualified 
for  military  duty. 

We  will  not  here  enter  into  far-reaching  speculations  with 
regard  to  the  essence  of  this  remarkable  form  of  disease.  Thorn- 
sen  thinks  that  it  depends  on  a  disturbance  falling  principally 
within  the  domain  of  psychical  influences.  Seeligmueller  does 
not  share  this  opinion.  Whereas  he  originally  thought  it  to  be 
a  peculiar  form  of  muscular  hypertroph}^,  the  doctrine  of  a  con- 
genital or  inherited  affection  of  the  lateral  columns  of  the  cord 
afterwards  appeared  to  him  most  probable.  I  must  confess  that 
I  have  thus  far  been  unable  to  form  any  definite  idea  of  the  seat 
and  the  variety  of  affection  lying  at  the  foundation  of  this  diffi- 
culty, although,  owing  to  the  occurrence  of  analogous  symptoms 
in  so  many  diseases  of  the  spinal  cord,  I  should  first  of  all  think 
of  a  spinal  affection.  The  question  can  only  be  decided  by  fur- 
ther observation. 

There  is  also  wide  play  left  here  for  tJierapeutic  endeavors^ 
which,  in  the  cases  thus  far  reported,  seem  to  have  been  entirely 
without  results. 

d.  Intermittent  Spinal  Paralysis. 

Mdcario,  Gaz.  mSd.  de  Paris.  1857.  Nr.  6. — Bomber^,  Lehrbuch  d.  Nervenkrankh. 
I.  p.  753. — Rartwig,  Ueber  eiaen  Fall  voa  iutermittirender  Paralysis  spinalis. 
Diss.  Halle.  1874. 

The  occurrence  of  purely  intermittent  attacks  of  paraplegia 
and  paralysis,  which,  according  to  all  appearance,  are  of  spinal 
origin,  and  which  make  a  most  striking  impression  as  contrasted 
with  the  usual  stability  of  spinal  paralysis  of  similar  severity,  is 
undoubtedly  one  of  the  rarest  and  most  remarkable  forms  of 
manifestation  of  malarial  infection. 

Literature  contains  but  very  few  instances  of  this  form  of 
spinal  paralysis. 

I  find  one  case  of  Macario's  cited  in  Hertz,"  in  which  a 


»  This  Cyolopsadia,  Vol.  IL,  p.  601,  foot-note. 
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woman,  two  days  after  her  confinement,  was  attacked  with  for- 
mication in  her  feet  without  any  known  cause,  which  extended 
over  the  trunlv  to  the  upper  extremities.  The  extrenlities  be- 
came paralyzed  and  anfesthetic,  and  tlie  tongue,  too,  was  para- 
lyzed. Tliese  manifestations  were  repeated  in  a  quotidian  type 
three  times,  and  were  cured  by  quinine. 
Romberg  describes  quite  a  similar  case. 

A  woman,  sixty-four  years  of  age,  after  being  quite  well  the  day  before,  was 
suddenly  attacked  with  paralysis  of  the  lower  extremities  and  the  sphincters.  Sensi- 
bility wiis  unchanged,  consciousness  clear,  tlie  temperature  cool,  pulse  80,  small  and 
empty,  no  pain  in  the  spinal  cord.  The  next  day  there  was  an  astonishing  change 
in  tlie  condition.  The  patient  can  walk  again,  and  void  urine  voluntarily,  and 
only  complains  of  weakness  in  the  legs.  The  next  morning  there  was  paraplegia 
again,  whicli  had  set  in  at  the  same  hour  as  two  days  before.  A  third  paroxysm 
was  awaited,  which  also  set  in  at  the  appointed  time,  although  without  paralysis  of 
the  sphincters.    Quinine  effected  a  rapid  cure. 

In  a  recent  dissertation  at  Halle,  Hartwig  has  reported  in 
detail  an  observation  belonging  under  this  head. 

This  observation  is  in  relation  to  a  vigorous  laborer,  twenty-three  years  of  age, 
who  Iiad  suffered  from  tertian  intermittent  for  a  few  weeks  five  years  before,  but  since 
that  time  Iiad  remained  perfectly  well  and  strong.  In  Novemljer  of  1873,  he  first 
noticed  weariness  in  tlie  legs,  which  gradually  increased,  and  the  arms,  too,  were 
attacked.  On  the  tliird  day  he  was  obliged  to  take  to  his  bed,  and  the  night  follow- 
ing he  was  completely  paralyzed — his  legs,  trunk,  arms,  and  even  the  movements  of 
his  head  were  paralyzed,  but  not  the  muscles  of  tlie  face  ;  speaking,  breathing,  and 
swallowing  were  somewhat  hindered  ;  there  was  no  paralysis  of  the  sphincters,  sen- 
sibility was  intact,  the  head  entirely  free,  no  pain.  Tlie  secretion  of  sweat  was 
excessive.  After  this  condition  had  lasted  for  twenty-four  hours  it  let  up,  and  in 
half  an  hour,  generally  with  an  increased  secretion  of  sweat,  all  the  muscles  again 
became  movaljle. 

During  the  succeeding  twenty-four  hours  the  patient  remained  free  from  any  sign 
of  paralysis,  merely  complaining  of  weariness  and  heaviness  of  the  limbs.  Then 
the  attack  of  paralysis  recurred  again,  in  the  same  way  as  at  first,  and  then  there 
followed  regular  successive  free  intervals  and  attacks,  bolli  of  aliout  twenty-four 
hours'  duration.  Gradually  the  time  occupied  by  the  attack  extended  to  forty 
hours,  the  interval  being  much  shorter.  Under  the  use  of  arsenic  the  intervals  also 
extended  over  a  period  of  about  forty  hours.  On  first  using  quinine  the  attacks 
remained  altogether  alisent  for  four  days.  After  hypodermic  injections  of  strych- 
nia the  tertian  type  of  the  attacks  was  re-C8tal)lishcd.  Between  two  days,  on 
which  the  patient  is  completely  paralyzed  on  both  sides,  he  has  a  day  of  tolerably 
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free  mobility  of  all  his  members.  The  sphincter  ani  was  likewise  affected  a  few 
times  ;  the  general  condition  of  the  patient  had  not  materially  suffered. 

At  the  end  of  March,  1874,  the  following  condition  was  found  to  exist  during 
an  attack :  The  patient  lay  there  completely  paraplegic ;  only  the  muscles  of  his 
face  acted  normally ;  the  flexors  of  the  hands  and  feet  show  a  minimum  amount  of 
motion.  The  pupils  reacted  well ;  the  sj^ecial  senses  were  normal.  The  head 
could  not  be  moved ;  on  inspiration,  it  was  principally  the  diaphragm  that  was 
active ;  expiratory  efforts  were  reduced  to  a  minimum.  Speech  and  swallowing 
were  somewhat  difficult.  Respiration  20,  pulse  72,  temperature  99.5°;  sensibility 
of  the  skin  and  muscles  normal.  Reflex  action  is  entirely  wanting ;  the  electrical 
excitability  of  the  muscles  is  almost  entirely  extinguished  (during  the  intervals  it  ia 
only  diminished).  No  pain,  only  formication  and  a  feeling  of  numbness  in  the 
parts  affected.    Evacuations  voluntary. 

In  the  course  of  the  succeeding  months  greater  and  lesser  irregularities  occurred 
in  the  course  of  the  disease.  The  use  of  quinine  sometimes  prevented  the  attacks  for 
a  number  of  days,  but  then  they  returned  again  in  spite  of  its  continued  use.  On  the 
whole,  however,  the  disease  retained  its  intermittent  or  strongly  remittent  type,  and 
gradually  a  certain  degree  of  cachexia  began  to  show  itself,  with  marked  emacia- 
tion of  the  muscles,  etc.  After  the  trouble  had  lasted  for  seven  and  a  half  months 
no  radical  improvement  could,  as  yet,  be  demonstrated,  and  nothing  is  stated  with 
regard  to  the  final  termination  of  the  case. 

These  three  very  remarkable  cases  have  the  following  features 
in  common  :  that  they  all  present  a  rapidly  developed  paraple- 
gia, advancing  to  complete  motor  paralysis,  with  or  without 
anaesthesia  and  paralysis  of  the  sphincters  ;  that  this  paraplegia 
disappears  again  in  the  course  of  a  few  hours,  sometimes  with 
the  appearance  of  a  critical  sweat,  to  give  place  to  a  complete  or 
well-nigh  complete  intermission ;  that  this  process  is  then  re- 
peated, in  a  more  or  less  regular  manner,  in  the  quotidian,  ter- 
tian, or  quartan  type ;  and  that  the  entire  affection  is  either 
promptly  cured  by  quinine,  or  at  least  favorably  intiuenced 
thereby. 

It  is  in  the  highest  degree  probable  that  we  here  have  to  deal 
with  a  malarial  infection ;  the  intermittency  of  the  paroxysms, 
their  termination  in  a  sweat,  and  the  efficacy  of  quinine,  all  argue 
strongly  in  favor  of  this  intermittent  paraplegia  being  nothing 
else  than  a  masked  intermittent.  To  be  sure,  this  cannot,  as 
yet,  be  considered  as  rigidly  proven. 

It  may  probably  be  even  more  positively  asserted  that  the 
seat  and  starting-point  of  this  disturbance  is  to  be  found  in  the 
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spinal  cord.  The  entire  cliaracter  and  grouping  of  the  symp- 
toms, the  limitation  of  the  paralysis  to  purely  spinal  nerves,  the 
entire  immunity  of  the  brain,  the  great  resemblance  to  other 
general  paralyses  of  notoriously  spinal  origin,  speak  with  such 
positiveness  in  favor  of  this  belief  that  no  reasonable  doubt  on 
the  subject  can  be  raised. 

But  it  is,  unquestionably,  a  matter  of  the  greatest  difficulty 
to  detei-mine  what  actually  takes  place  within  the  spinal  cord  in 
this  malarial  paraplegia, — whether  any,  and,  if  so,  what  anatomi- 
cal changes  take  place  therein  during  the  attack.  Hartwig  as- 
sumes that  it  is  a  question  of  transitory  hyperemias  and  serous 
transudations  in  the  substance  of  the  spinal  cord  ;  a  supposition 
which  appears  to  me  untenable,  from  the  mere  fact  that  the  dis- 
turbance is  always  confined  to  the  motor  portions  of  the  cord, 
leaving  the  sensitive  portions  entirely  free.  It  is  probably  safer 
to  say  that  the  essential  conditions  of  malarial  spinal  paraplegia 
are  at  present  unknown  to  us,  and  that  we  can  only  hope  for 
light  on  this  subject  from  the  future. 

The  diagnosis  of  "intermittent  spinal  paralysis"  is  very 
easily  arrived  at  from  the  picture  of  the  disease.  And  when  the 
diagnosis  is  .clear  the  treatment  is  plain.  The  treatment  ap- 
plicable to  intermittent  fever  in  all  its  forms — quinine,  arsenic, 
removal  from  a  malarial  region,  etc. — must  be  undertaken  with 
energy.  If  this  remains  without  results,  then  the  therapeutic 
measures  laid  down  in  various  portions  of  this  work  for  acute 
and  chronic  spinal  paralysis  will  claim  consideration. 

e.  Toxic  Spinal  ParalysisI'' ' 

liaoul  Leroij  cVEtiolles,  Des  paralysies  des  membres  inffirieurcs.  11.  p.  1-75.  Paris, 
. —Jaccoud,  Les  parapl6gies  et  I'ataxie  du  mouv.  pp.  321-334.  Paris,  18G4. 
Leyilen,  Klinik.  II.  1.  Abth,  pp.  280-297.  1875. 

In  connection  with  the  foregoing  cases  of  infectious  spinal 
paralysis,  it  may,  perhaps,  be  appropriate  to  give  some  particu- 
lars with  regard  to  similar  instances  of  paralysis  called  forth  by 
known  and  actual  poisons. 

It  is  claimed  that  such  paralysis  (in  various  forms,  as  paraple- 
gia, as  paralysis  of  single  groups  of  muscles  or  extremities,  as 
VOL.  XIIL— 52 
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general  paralysis,  etc.)  has  resulted  from  intoxication  witli  ar- 
senic, phosphorus,  lead,  quicksilver ;  furthermore,  as  the  result 
of  poisoning  with  carbonic  oxide,  sulphide  of  carbon,  tobacco, 
camphor,  ergot,  lathyrus  sativus,  alcohol,  absinthe,  mushrooms, 
balsam  of  copaiba,  etc.,  entirely  apart  from  the  severe  acute 
paralysis  of  the  nervous  system,  such  as  is  called  forth  by 
opium,  belladonna,  strychnine,  etc. 

All  these  poisons  are  distinguished  for  their  powerful  though 
varied  influence  on  the  nervous  system ;  they  cause  lasting 
paralysis,  as  a  rule,  only  when  their  action  is  slow  and  repeated, 
more  rarely  when  it  is  quite  acute.  They  cause  the  most  varied 
forms  of  paralysis  and  paraplegia,  from  simple  weakness  and 
paresis  to  complete  paralysis,  sometimes  acute,  sometimes  more 
chronic,  with  or  without  muscular  atrophy,  with  or  without  dis- 
turbances of  sensibilit}'-.  In  many  cases,  however,  the  causal 
connection  between  these  and  the  antecedent  intoxication  is  by 
no  means  placed  beyond  all  doubt. 

Furthermore,  we  know  almost  nothing  with  regard  to  the 
changes  that  may  exist  in  the  nervous  system  (especially  in  the 
spinal  cord)  in  such  paralyses.  We  have  virtually  no  anatomi- 
cal reports  on  this  subject  that  carry  any  weight  with  them  ;  the 
localization  in  tlie  spinal  cord  cannot  even  be  asserted,  with  any 
degree  of  positiveness,  on  the  ground  of  the  clinical  symptoms. 
Great  uncertainty  still  reigns  even  with  regard  to  the  most  fre- 
quent and  best  known  of  these  forms  of  paralysis,  viz.,  lead- 
palsy.  What  is  to  be  said  and  conjectured  on  this  subject  has 
already  been  given  in  other  portions  of  this  work. 

The  pathology  of  the  spinal  cord  has,  therefore,  not  as  yet 
experienced  any  advancement  through  the  study  of  toxic  paraly- 
sis, and  there  is  all  the  less  reason  why  we  should  here  enter 
upon  these  matters  in  detail,  because  this  would  carry  us  into 
the  domain  of  toxicology,  this  being  the  field  where,  for  the  pres- 
ent, the  scientific  working  up  of  these  questions  will  have  to  take 
place.  The  reader  who  is  more  particularly  interested  in  this 
direction  will  find  that,  aside  from  the  hand-books  on  Toxicology, 
the  works  above  cited  contain  more  detailed  accounts  of  these 
matters,  even  though  the  results  may  still  be  unsatisfactory. 
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f.  Paraplegia  dependent  on  Idea. 

/,  Eussell  Reynolds,  Remarks  on  Paralj'sis  and  other  Disorders  of  Motion  and  Sen- 
sation dependent  on  Idea.  British  Med.  Journ.  1869.  Nov.  6. 

In  a  very  readable  essay,  and  one  of  importance  to  the  prac- 
titioner, Russell  Reynolds  some  time  ago  pointed  out  the  fact 
that  severe  disturbances  of  the  nervous  system  (paralysis,  cramp, 
pain)  may  depend  upon  diseased  action  of  the  mind,  and  upon 
imagination  ;  that  such  disturbances,  under  the  garb  of  affec- 
tions of  the  brain  or  spinal  cord,  may  long  bid  defiance  to  all 
treatment,  and  only  disappear  after  the  removal  of  the  erroneous 
ideas.  Such  conditions  may  occur  quite  independently  of  psy- 
choses, of  hysteria,  hypochondriasis  or  simulation;  they  are 
often  associated  with  general  debility,  and  even  with  actual,  well- 
defined  diseases  of  the  nervous  system,  and,  if  a  correct  diagnosis 
is  made,  may  easily  be  removed  by  appropriate  treatment. 
Everybody  knows  the  powerful  influence  which  imagination 
and  lively  mental  operations  have  upon  pathological  manifesta- 
tions in  the  nervous  system,  and  we  are  not  surprised  if  these 
influences  make  themselves  felt  in  the  domain  of  sensation  and 
feeling  ;  we  are  less  accustomed  to  the  idea  of  such  psychical 
impressions  manifesting  themselves  in  the  form  of  severe  motor 
disturbances  also,  although  there  is  no  reason,  a  priori^  why  this 
should  be  impossible. 

Taught  by  our  own  experience  that  such  conditions  actually 
do  occur,  and  perhaps  occur  more  frequently  than  one  would 
think,  we  consider  that  it  would  not  be  amiss  to  give  a  brief  rep- 
resentation of  Russell  Reynolds'  views,  so  far  as  they  refer  to 
disturbances  in  the  sphere  of  the  spinal  functions.  The  reader 
will  agree  with  us  that  the  easiest  way  to  familiarize  him  with 
the  subject  is  by  the  brief  narration  of  the  most  significant  one 
of  Russell  Reynolds'  cases. 

A  young  lady  who  had  seen  better  days  was  admitted  into  the  hospital  as  para- 
plegic. She  liad  become  so  gradually,  and  wns  much  emaciated.  She  had  been 
unable  to  stand  for  two  or  three  months,  and  was  now  l)cd-fast.  Her  expression  of 
countsnance  was  anxious,  mixed  with  a  glimmer  of  hope ;  she  expected  to  be  cured 
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as  tlie  result  of  entering  the  hospital, — a  step  upon  which  she  had  resolved  with 
difficulty. 

Her  paralysis  was  almost  complete ;  she  could  move  the  toes  somewhat,  and 
raise  tho  heel  u  little  from  the  bed.  But  the  sphincters  were  normal,  and  there  was 
no  local  atrophy.  Sensibility  was  intact ;  electro-muscular  sensibility  and  contrac- 
tility normal ;  reflex  action  hard  to  accomplish  ;  no  conditions  of  cramp  ;  no  paiu, 
even  on  movement  of  the  legs  or  on  pressure  over  the  spinal  column.  No  hysteria ; 
no  traumatic  injury ;  no  cachexia  demonstrable. 

Her  previous  history  is  as  follows:  Her  father,  who  is  her  only  relative,  was 
brought  from  affluence  to  jjoverty,  a  year  and  a  half  ago;  through  commercial  dis- 
asters. He  bore  it  bravely,  as  did  also  his  daughter  ;  he  set  to  work  again,  and  she 
assumed  duties  and  responsibilities  which  she  had  never  known  before.  At  first  all 
went  well,  but  suddenly  the  father  became  paralytic,  and  his  daughter  nursed  liim 
with  tender  self-sacrifice.  But  they  soon  found  themselves  in  actual  want.  The 
daughter  worked  as  daily  governess,  was  obliged,  as  a  matter  of  economy,  to  walk 
a  great  deal,  and  walked  fast,  so  as  to  gain  time  for  her  father.  Thus  she  worked 
for  many  a  weary  week,  the  thought  of  paralysis  always  before  her,  her  brain  over- 
burdened with  thought  and  anxiety,  her  limbs  weary  with  walking,  her  spirits 
hardly  equal  to  the  constant  efEort  to  appear  cheerful.  Her  legs  often  hurt  her,  and 
she  thought,  with  shuddering,  what  if  she  should  grow  lame  like  her  father  !  This 
thought  acquired  an  increasing  power  over  her ;  she  was  gradually  obliged  to  give 
up  walking,  then  to  stay  at  home,  then  in  her  room,  and  finally  in  bed.  Her  legs 
grew  more  inactive  from  day  to  day  until  complete  paralysis  was  present. 

She  was  told,  and  all  those  about  her  were  told,  in  confidence,  that  she  would 
soon  be  able  to  walk  perfectly  well.  A  light  tonic  was  administered ;  her  legs 
were  faradized,  though  more  for  the  sake  of  the  psychical  impression  ;  her  legs  and 
back  were  rubbed  and  she  was  obliged  to  walk  up  and  down  the  hall  for  five  min- 
utes every  four  hours  supported  by  two  nurses.  The  day  after  the  beginning  of 
this  treatment  she  could  walk  with  but  little  support.  After  four  or  five  days  she 
could  walk  quite  well,  and  at  the  end  of  two  weeks  she  was  as  strong  and  capable 
as  ever  before  in  her  life. 

Not  less  interesting  are  the  other  examples  which  Russell 
Reynolds  gives.  I  have  likewise  met  with  quite  similar  things 
in  my  own  practice,  even  if  not  so  well  marked  in  degree,  and 
have  repeatedly  seen  improvement  set  in  through  appropriate 
psychical  impressions  made  upon  the  patient. 

It  is,  of  course,  b}^  no  means  alwaj^s  easy  to  recognize  such 
conditions  aright  and  to  separate  them  from  real  diseases  with 
an  anatomical  basis.  Such  conditions  are  by  no  means  alwaj^'s 
associated  with  hj^pochondriasis  or  hysteria,  or  mental  disturb- 
ances, although  this  may  occur :  still  less  are  we  to  suppose  that 
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such  patients  are  indulging  in  malicious  simulation ;  they  are 
themselves  firmly  convinced  of  the  reality  of  their  symptoms.  A 
certain  general  debility  not  rarely  accompanies  such  conditions, 
and  all, possible  debilitating  influences — diseases,  cares,  anxieties, 
overexertion,  etc. — may  be  followed  by  the  same.  But  it  gener- 
ally requires,  in  addition,  that  the  attention  be  habitually  di- 
rected to  certain  portions  of  the  body  or  to  certain  forms  of  dis- 
ease in  order  to  call  forth  such  "imaginary"  disease.  On  this 
ground  Russell  Reynolds  believes  that  a  part  of  the  neuroses 
caused  by  railroad  accidents  may  be  classed  under  this  head, 
wherein  the  attention  of  the  victim  is  influenced  in  the  most  un- 
fortunate manner  by  the  stories  of  friends,  by  the  inquiries  of 
his  physician,  the  talk  of  his  attorney,  and  the  sober  face  of  the 
company's  physician. 

The  diagnosis  of  such  forms  of  disease  is  based  on  the  follow- 
ing circumstances :  on  the  method  of  development  of  the  symp- 
toms, and  especially  on  the  demonstration  of  some  ruling  idea  of 
the  mind  ;  on  a  judgment  with  regard  to  the  symptoms  present, 
and  especially  on  the  demonstration  of  such  symptoms  as  cannot 
be  reconciled  with  the  theory  of  an  organi'c  lesion.  In  this  re- 
spect Russell  Reynolds  calls  attention  to  the  following  points : 
that  the  patient  cannot  lift  his  heel  from  the  bed  nor  draw  it  up, 
while  he  can  raise  himself  up  or  lie  down  without  any  help,  or 
turn  from  one  side  to  the  other ;  that  in  apparently  complete 
motor  paralysis  there  are  no  signs  of  paralysis  of  sensation,  no 
trophic  disturbances  and  no  diminution  in  the  electrical  excita- 
bility;  that  sometimes  there  is  complete  inability  to  stand  on 
one's  legs,  whereas  the  legs  can  be  moved  in  every  possible  direc- 
tion. Finally,  the  diagnosis  is  also  said  to  be  aided  by  the  fail- 
ure of  ordinary  treatment  and  the  success  of  treatment  directed 
to  the  removal  of  the  false  idea.  That  it  will  not  alwa3^s  be  pos- 
sible to  make  a  positive  diagnosis  on  the  ground  of  these  signs, 
is  a  fact  which  will  be  admitted  by  every  one  familiar  with  the 
pathology  of  the  spinal  cord. 

In  the  way  of  treatment  Russell  Reynolds  gives  the  follow- 
ing recommendations  :  Let  the  case  be  taken  hold  of  earnestly  ; 
excite  the  hope  of  recovery,  if  a  definite  plan  of  treatment  is  fol- 
lowed out,  and  let  this  be  done  not  only  by  the  physician  but  by 
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those  around  tlie  patient — lience  the  importance  of  hospital 
treatment ;  compel  the  patient  to  walk  at  certain  definite  times, 
supported  on  both  sides ;  use  faradization  to  the  muscles,  fric- 
tion and  passive  movements  of  the  limbs ;  apply  dietetic  and 
medicinal  treatment  such  as  the  general  condition  of  the  patient 
requires. 

So  far  as  we  know,  these  matters,  which  are  certainly  not 
without  practical  importance,  have  thus  far  not  received  the  at- 
tention which  they  unquestionably  deserve.  It  would  be  inter- 
esting to  receive  communications  from  others  regarding  similar 
manifestations  ;  perhaps  it  would  be  possible  after  a  while  to  gain 
somewhat  more  insight  into  the  pathogenesis  of  these  processes, 
which  thus  far  almost  elude  all  scientific  explanation. 
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I,  Anatomical  Introduction. 


The  chief  works  to  be  consulted  are :  B.  Stilling,  Untersuch.  iib.  d.  Textur  u.  Func- 
tionen  der  Medulla  oblong.  Erlangen.  1843.— Uutersuch.  ilber  den  Bau  des 
Hirnknotens  oder  der  Varorscheu  Brucke.  Jena.  ISiG.—Schroeder  v.  d.  Kolk, 
Bau  u.  Function  der  Medulla  spin.  u.  oblongata.  Braunschweig.  1859. — 
Deiters,  Unters.  iib.  Gehirn  u.  Riickenmark  des  Menschen  u.  der  Saugethiere. 
1863. — Stieda,  Ueber  den  Ursprung  der  sphaalartigen  Hirnnerven.  Dorpat.  med. 
Zeitschr.  II.  IQI^.—Meyiierl,  Strieker's  Handbook.  Vol.  2.— Skizze  des 
menschlichen  Grosshirnstarames,  etc.  Arch.  f.  Psych,  und  Iferv.  IV.  387-431. 
1874.  — ifenZe,  Handbuch  der  Nervenlehre.  1871. — Huguenin,  All.  Pathologic 
der  Kranklieiten  des  Nervensystems.  I.  Anatom.  Einleitung.  1873. — Flechsig, 
Die  Leitungsbahnen  im  Gehirn  u.  Riickenmark  des  Menschen.  Leipzig.  1876. 
— Ueber  Systemerkrankung  im  Riickenmark.  Arch.  d.  Heilk.  XVIII.  1877. — 
Farabeuf,  in  Diction,  encyclo.  des  sciences  medic.  2  Ser.  tome  VIII.  p.  299. 
1874. —  W.  Krause,  Handbuch  d.  menschl.  Anatomic.  I.  1876. — Buret,  Sur  la 
distribution  des  artfercs  nourriciSres  du  bulbe  rhachidien.  Arch,  de  Phy.  norm, 
et  pathol.  1873.  p.  97. 

Many  points,  and  these  perhaps  the  most  important,  in  the 
anatomy  of  the  medulla  oMongata^  are  still  unsettled.  Indeed, 
the  relations  here  are,  more  than  elsewhere,  difficult  to  disen- 
tangle. The  connections  between  the  different  structures  of  the 
medulla  oblongata  and  those,  first,  of  the  spinal  cord  below,  and 
second,  of  the  central  nervous  system  above,  are  so  extremely 
complicated,  numerous,  and  entangled,  that  even  the  most  care- 
ful and  thorough  anatomical  investigation  can  scarcely  make 
them  understood.  This  is  quite  sufficient  explanation  for  the 
fact  that  the  views  of  the  best  observers  on  the  finer  structure  of 
the  medulla  oblongata  are  still  at  great  variance  with  one  another 
on  several  points. 

The  space  in  this  handbook  does  not  allow  of  an  accurate 
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and  exhaustive  description  of  tlie  outward  form  and  internal 
structure  of  the  medulla  oblongata.  Yet  we  can  scarcely  avoid 
giving  a  short  sketch  of  the  principal  points,  in  order  to  refresh 
the  practitioner's  memory  on  anatomical  relations,  to  put  him 
au  courant  with  the  latest  investigations,  and  acquaint  him 
somewhat  with  the  present  nomenclature,  and  thus,  we  hope, 
facilitate  his  comprehension  of  the  morbid  anatomical  details  in 
the  following  pages. 

The  best  way  of  attaining  this  object  will  be  to  begin  with  the 
structures  of  the  spinal  cord,  with  which  we  are  already 
acquainted,  and  follow  these  into  and  through  the  medulla 
oblongata,  and  after  this  to  give  a  short  description  of  the  other 
parts  which  are  peculiar  to  the  medulla.  To  suit  the  practi- 
tioner' s  interests,  we  shall  endeavor,  first  of  all,  to  give  a  clear 
and  correct  idea  of  the  topography  of  the  parts,  leaving  aside 
the  details  of  the  course  of  the  fibres  and  their  manifold  connec- 
tions, partly  because  these  are  wholly  uncertain,  and  in  many 
instances  in  great  part  unknown. 

Even  the  external  boundaries  of  the  medulla  are  still  a  matter 
of  dispute  among  anatomists,  though  every  one  agrees  to  bound 
it  inferiorly  with  the  roots  of  the  first  cervical  pair  of  nerves. 

The  superior  border,  however,  is  undecided,  some  considering 
it  as  formed  by  the  inferior  border  of  the  pons  (which  would 
correspond  on  the  posterior  surface  to  the  upper  striae  acusticse) ; 
but  most  writers  include  the  whole  floor  of  the  fourth  ventricle, 
i.  e.,  the  whole  rhomboid  sinus  ;  these  latter  boundaries,  too,  are 
better  suited  for  clinical  purposes.  We  should  then  take  for  the 
upper  boundary  the  processus  cerebelli  ad  corpora  quadr.  (which 
form  the  lateral  walls  of  the  fourth  ventricle)  and  the  entrance 
of  the  Sylvian  aqueduct ;  thus,  we  may  regard  the  pons  as  a 
cerebral  structure,  which  bounds  the  medulla  oblongata  on  one 
side,  and  then  we  need  concern  ourselves  no  more  with  its  struc- 
ture or  pathology  in  this  article. 


From  a  superficial  examination  of  the  exterior,  one  would  be 
led  to  think  that  the  columns  of  the  spinal  cord  run  without 
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interruption  into  the  structures  of  the  medulla  oblongata  ;  but 
closer  observation  proves  the  error  of  this  view,  and  shovi^s  that 
the  most  manifold  transpositions  take  place,  which  contribute  to 
bring  new  and  important  structures  to  the  surface,  and  produce 
the  characteristic  appearance  of  the  medulla. 

If  we  follow  up  the  anterior  spinal  columns,  they  appear  to 
ascend  directlj''  and  run  into  the  pons.   But,  on  drawing  apart 


Fio.  20.— View  of  the  anterior  Biirface  of  the  medulla  and  ponH.  Enlarged.  On  the  right  side  of  the 
medulla  the  roots  of  the  nerves  are  removed,  a.  Anterior  column  ;  6,  lateral  column  ;  c,  decussation  of  the 
pyramids;  d,  pyramids;  e,  groove  between  anterior  column  and  pyramid  ;  /,  olivary  body  ;  g,  corpus  roRti- 
forme;  />,  pons;  /,  flbroe  nrciformes ;  V-XII,  roots  of  the  fifth  to  twelfth  cerebral  nerves ;  NcXa,  anterior 
roots  of  the  first  cervical  nerves  ;  Nclp,  posterior  roots. 

the  lips  of  the  anterior  median  fissure,  vre  perceive  that,  at  the 
level  of  the  first  cervical  nerves,  it  is  obstructed  for  a  distance  of 
from  six  to  seven  mm.  by  coarse  bundles  of  fibres,  which  pass 
from  one  side  to  the  other,  decussating  in  fact,  and  then  con- 
tinuing their  course  on  the  opposite  side,  along  the  anterior 
fissure.  Here  we  see  a  crossing  of  fasciculi,  which  come  to  the 
surface  from  the  interior,  and  then  usurp  the  position  of  the 


828  EKB, — DISEASES  OF  THE  MEDULLA  OBLONGATA. 

anterior  columns  in  tlieir  course  upwards.  This  is  the  so-called 
decussation  of  tlie  pyramids  (Fig.  20,  c),  and  the  columns  whicli 
go  from  this  to  the  pons,  and  take  the  place  of  the  anterior 
columns,  are  called  the  pyramids  (Fig.  20,  d).  They  issue  from 
between  the  anterior  columns  (Fig.  20,  a),  which  latter  retreat 
and  disappear  into  the  interior  of  the  medulla.  This  arrange- 
ment is  often  rendered  evident  by  a  distinct  groove  (Fig.  20,  e) 
running  obliquely  upwards,  and  forming  the  boundary  between 
the  pyramids  and  the  anterior  columns  proper. 

The  lateral  columns  of  the  spinal  cord  proceed  directly 
U]3wards  through  the  medulla,  and  are  now  surrounded  by  the 
(motor)  roots  of  the  hypoglossus  (Fig.  20,  XII)  and  the  (chiefly 
sensory)  roots  of  the  glossopharjmgeus  (/X)  and  vagus  (X), 
which  replace  the  anterior  and  posterior  roots  of  spinal  nerves. 
In  the  upper  half,  almost  immediately  behind  the  pons,  projects 
an  almond-shaped  structure,  like  a  long  prominence,  and  bor- 
dered on  either  side  by  attenuated  stripes  of  the  lateral  columns  ; 
this  is  the  olvmry  body  (Fig.  20,/),  Its  prominence  is  subject 
to  considerable  individual  variation.  The  upper  portion  of  the 
lateral  column  is  here  often  called  the  olivary  column.  A  small 
portion  of  the  lateral  column  (Flechsig's  direct  cerebello-latero- 
columnar  tract),  belonging  to  the  periphery  of  the  postero-late- 
ral  column,  passes  in  the  medulla  obliquely  backwards,  and 
takes  part  in  the  formation  of  the  corpus  restiforme,  and  also  of 
the  pedunculi  cerebelli. 

The  posterior  spinal  columns  at  first  continue  their  parallel 
course  upwards ;  a  little  above  the  superior  termination  of  the 
decussation,  however,  they  part  at  rather  a  sharp  angle,  and 
pass  into  the  cerebellum  under  the  form  of  round  columns,  much 
increased  in  size.  These  columns  are  the  pedunculi  cerebelli 
(Fig.  21,  g)  or  funiculi  restiformes.  The  increase  in  size  would 
alone  indicate  that  these  are  not  the  mere  prolongation  of  the 
posterior  spinal  columns  ;  in  fact,  new  bundles  contribute  to  tlie 
formation  of  the  cerebellar  peduncles.  The  components  of  the 
posterior  columns  proper  appear  to  run  directly  into  the  pedun- 
culi ;  the  funiculi  graciles  (Goll's  cuneiform  columns)  (Fig.  21, 
h\  forming  the  internal  portion  of  the  pedunculi,  at  the  point  of 
the  angle  swell  to  nodules,  the  clam  (Fig.  21,  d),  and  are 
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usually  connected  with  the  cuneiform  column  of  the  other  side 
by  a  slender  band  of  white  substance,  the  obex  (Fig.  21,  e). 

The  sulcus  intermedius  posterior  (c),  which  divides  the  graci- 
lis from  the  cuneiform  column  proper,  continues  its  course  up 
to  the  strise  acusticse.  The  cuneiform  column  runs  upwards 
alongside  the  sulcus,  increasing  considerably  in  size,  as  it  is  reiu- 


Fio.  21. — View  of  the  posterior  surface  of  the  medulla,  the  roof  of  the  fourth  ventricle  being  removcfl, 
to  show  the  rhomboid  sinus  clciirly.  The  two  halves  arc  drawn  fioniewhat  apart.  Enlarged.  (J,  funiculi 
cuneati,  ct  6,  (jracilcs;  fi  +  6  =  posterior  i>pinal  column  ;  c,  sulcu.s  intermedius  posterior;  rf,  clava  ;  e,  obex  ; 
/,  corpus  rcstiformo ;  {?,  pedunculus  cerebclli  (=«  +  6-|-/);  cms  cerebelli  ad  pontem  ;  i,  crus  ccrebelll 
ad  corpora  quadr. ;  l\  cor))ora  qiindr. :  /,  stricu  nipduUarcs  s.  aciistica; ;  fibn«  arcifurmes ;  h,  cmincntiu 
teres  (genu  norvi  facialis);  o,  fovea  anterior ;  j),  locus  cccruleus;  f/,  funiculu.s  teres ;  nucleus  of  the  hypo- 
glossal :«-+-<,  ala  cinerea  ;  »,  nucleus  of  vagus  ;  <,  nucleus  of  nccoseoriua  ;  u,  nucleus  of  ooustious ;  Nclp, 
posttrior  root  of  the  first  cervical  nerve. 

forced  by  other  fasciculi,  which  form  the  lateral  half  of  the 
pedunculus  cerebelli.  Tlie.se  fasciculi  receive  the  name,  corpus 
restiforme  (/),  and  are  frequently  marked  off  from  the  cuneiform 
column  by  a  distinct  groove  (dotted  line  in  Fig.  21),  so  that  they 
have  been  divided  by  some  (Henle)  into  median  and  lateral  cune- 
iform columns  ;  this  latter  distinction  can  be  more  easily  de- 
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tected  in  a  transverse  section  (Huguenin).  The  corpus  restiforme 
is  partly  made  up  of  superlicially  situated  bundles,  which  have 
been  described  under  the  name  of  fibroi  arciformes  (Fig.  20,  i ; 
Fig.  21,  nfi).  These  arise  partly  from  the  bottom  of  the  anterior 
median  fissure,  between  the  pyramids,  and  partly  from  the  late- 
ral fissure,  between  the  pyramids  and  olivary  bodies.  They 
appear  to  be  derived  from  the  anterior  columns,  and  form  an 
arch  round  the  anterior  and  lateral  surfaces  of  the  medulla, 
sometimes  of  large,  sometimes  of  small  dimensions  ;  finally,  they 
disappear  almost  completely  into  the  cuneiform  columns.  They 
are  generally  best  developed  at  the  posterior  angles  of  the 
olivary  bodies,  sometimes  even  covering  these.  But  the  corpora 
restiformia  receive  numerous  other  bundles  of  considerable  size 
from  the  neighborhood  of  the  olivary  bodies,  and  probably,  too, 
from  the  bodies  themselves. 

The  separation  of  the  pedunculi  cerebelli  exposes  the  deep- 
seated  gray  substance  to  a  considerable  extent,  thus  producing  a 
slight  depression,  which  is  bounded  inferiorly  and  laterally  by 
the  diverging  pedunculi  cerebelli,  superiorly  and  laterally  by  the 
converging  crura  corporum  quadr. — this  lozenge-shaped  depres- 
sion is  called  the  rJiomboid  sinus,  ox  floor  of  the  fourth  ventricle 
(Fig.  21).  Its  superior  angle  is  formed  by  the  union  of  the  crura 
cerebelli  ad  corp.  quadr.  at  the  entrance  to  the  Aquseductus 
Sylvii,  and  its  inferior  angle  lies  between  the  pedunculi  cerebelli, 
behind  the  obex  at  the  point  of  separation  of  the  funiculi  graci- 
les.  Just  here  too  the  central  spinal  canal  opens  into  the  poste- 
rior longitudinal  fissure,  and  thus  communicates  with  the  fourth 
ventricle.  The  obtuse  angles  on  either  side  are  formed  by  the 
junction  of  one  crus  with  the  peduncle  of  the  corresponding  side. 

The  floor  of  the  fourth  ventricle  is  divided  symmetrically  by 
a  longitudinal  shallow  groove.  A  superficial  inspection  shows 
us  here  a  number  of  grooves,  depressions,  projections,  and  gray 
patches,  etc.,  which  are  all  connected  with  important  structures 
in  the  interior,  and  thus  of  practical  importance  to  us. 

Of  these  certainly  the  most  striking  are  the  stricB  medullares 
(Fig.  21,  I).  In  numbers  varying  from  one  to  twelve,  these  bun- 
dles run  horizon tallj'-  at  right  angles  to  the  median  fissure,  from 
which  they  emerge,  and  cross  the  pedunculi,  and,  passing  round 
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them,  join  tlie  nervus  acusticus.  They  divide  the  sinus  into  a 
superior  large,  and  an  inferior  smaller  space.  Above  the  s trice, 
and  in  the  right  angle  formed  by  them  witli  the  median  fissure, 
lies  a  small,  rounded,  white  prominence,  corresponding  to  the 
geniL  nerm  facialis  and  the  neighboring  nucleua  of  the  ahducens 
(Fig.  21,  n).  Laterally  and  anteriorly  to  this  v^^e  find  the  so- 
called  fovea  anterior  (Fig.  21,  o),  a  depression  which  is  generally 
colored  with  a  dark  pigment,  and  presents  the  appearance  of 
a  contracted  scar.  At  some  depth  below  this  lies  the  nucleus 
proper  of  the  facial  nerve. 

Going  from  this  towards  the  superior  angle  of  the  fourth  ven-  ' 
tricle  and  slightly  outward,  we  strike  another  gray  depression, 
called  the  locus  coeruleus  {if),  which  borders  on  the  motor  nu- 
cleus of  the  trigeminus. 

The  gently  elevated  cords  which  traverse  the  inferior  triangle 
of  the  rhomboid  sinus,  parallel  to  the  median  fissure,  receive  the 
name  of  funiculi  teretes  (Fig  21,  q).  Beneath  them  lies  on  either 
side  a  nucleus  of  the  hypoglossal  (Fig.  21,  r),  extending  longi- 
tudinally for  some  distance.  Passing  outwards,  we  are  met  by 
a  light-gray  triangle,  with  its  apex  pointed  to  the  striae,  and  its 
base  resting  on  the  clavse.  This  is  called  the  ala  cinerea  {s  and  t). 
Its  anterior  portion  (s)  is  coextensive  with  the  nucleus  of  the 
Dagus,  while  the  posterior  {i)  contains  the  upper  end  of  the  nur 
cleus  accessorii,  which  extends  far  down  into  the  spinal  cord. 
In  the  interior  of  the  medulla,  somewhat  anterior  to  the  ala  cine- 
rea, the  nucleus  of  the  glossopharyngeus  comes  in  contact  with 
that  of  the  vagus.  The  posterior  median  nucleus  of  the  acoustlG 
forms  the  anterior  and  lateral  boundary  of  the  vagus  nucleus. 
It  comes  nearer  the  surface  than  the  glossopharyngeus,  and  oc- 
cupies nearly  the  whole  space  between  the  ala  cinerea  and  pedun- 
culus,  up  to  the  upper  border  of  the  striae.  Henle  has  described 
it  under  the  name  of  nucleus  acusticus  superior. 

The  internal  structure  of  the  medulla  oblongata  is  so  ex- 
tremely complicated  that  no  one  has  yet  been  able  to  throw  the 
slightest  light  on  the  general  course  of  the  fibres  and  the  connec- 
tion between  its  paths  of  conduction.  Though  some  structures 
have  been  recognized  as  undoubtedly  analogous  to  certain  com- 
ponents of  the  spinal  cord  (gray  nuclei— gray  columns,  commis- 
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sures,  etc.),  still  we  meet  with  so  many  new  and  problematical 
forms,  the  different  parts  combine  in  so  various  and  complicated 
manners,  and  the  fibrils  run  in  such  entangled,  tortuous  and 
interwoven  courses,  that  we  must  almost  despair  of  ever  follow- 
ing them  up  accurately.  In  fact,  up  to  the  present  the  most 
careful  and  exact  investigations  have  thrown  but  a  very  feeble 
light  upon  the  subject. 

Very  little  is  known  with  certainty  and  accepted  by  all,  and 
the  few  facts  of  this  nature  may  be  well  described  as  landmarks 
in  an  unknown  region.  With  the  rest  we  need  not  further  oc- 
cupy ourselves,  since  there  is  no  practical  value  to  be  derived 
from  studying  all  the  conflicting  views  of  the  hour.  Our  task  in 
this  direction  only  extends  to  the  indication  of  those  regions 
about  the  structure  of  which  next  to  nothing  is  known. 

The  value  and  significance  of  successive  sections,  which  are 
here  too  the  chief  method  of  investigation,  can  be  studied  in 
anatomical  text-books.  From  the  nature  of  the  subject  we  can 
imagine  how  imperfect  must  be  the  results. 

The  first  material  change  in  the  spinal  cord — that,  indeed, 
which  leads  to  the  distinction  between  it  and  the  medulla  oblon- 
gata— takes  place  on  a  level  with  the  first  cervical  pair  of  nerves, 
consisting  chiefly  in  the  decussation  of  the  pyramids. 

Large  bundles  of  fibrils  collect  from  the  posterior  division  of 
the  lateral  columns,  and  pass  obliquely  forward  and  upward, 
and  simultaneously  forward  and  inward  towards  the  anterior 
longitudinal  fissure.  They  appear  here  more  or  less  as  continu- 
ous bands,  though  frequently  interrupted  by  vertical  fibrils. 
They  cross  the  fissure,  and  then  run  up  the  other  side  in  the 
place  of  the  anterior  columns,  which  they  have  now  displaced. 
There  is  likewise  a  considerably  enlarged  anterior  commissure, 
here  called  the  decussation.  The  bundles  of  the  pyramids  too 
divide  the  anterior  gray  columns  from  the  central  gray  sub- 
stance, and  displace  them  outward  (Fig.  22). 

These  decussating  fasciculi  are  to  be  regarded  as  chiefly  mo- 
tor. They  form  the  coarse-bundled  decussation  which  we  see  in 
the  anterior  fissure,  and  are  called  the  inferior  or  motor  decussa- 
tion of  the  pyramids. 

Higher  up  too  we  may  perceive  bundles  of  quite  considerable 
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dimensions,  arising  from  tlie  posterior  columns,  bending  forward, 
passing  the  central  canal,  crossing  the  middle  line,  and  finally 
running  up  in  the  pyramid  of  the  opposite  side,  where  they 
generally  occupy  the  exterior  portion.  This  is  the  anterior  or 
sensory  decussation.  Huguenin  describes  a  bundle  from  the 
posterior  cornua  as  taking  part  in  this,  but  Flechsig's  latest 
investigations  have,  to  say  the  least,  thrown  great  doubt  upon 
the  signiiicance  of  these  fibres  and  the  exactitude  of  their  course. 
Flechsig  positively  denies  any  connection  whatsoever  between 
this  anterior  decussation  and  the  pyramids  proper.  Still,  these 
fibrils  most  undoubtedly  alter  the  configuration  of  the  gray  sub- 
stance in  the  spinal  cord,  dividing  the  head  and  neck  of  the 


Fio.  22.— Transverse  Rcction  through  the  inferior  portion  of  the  medulla  oblon.  nt  the  level  of  the  decns- 
sation  of  the  pyramids,  a.  Anterior  gray  columns  ;  b,  head  of  the  posterior  column  and  a'-cendin'T  I'cot  of  tlio 
triReminus;  c,  anterior  columns  (pyramids) ;  funiculi,  rt,  ouneati,  ot  e,  graoilcs;  /,  decussation  of  the  pvr  i 
mkls;  a,  formatio reticularis;  A,  roota  of  the  accesaorius  ;  i,  nucleus  of  the  gracilis;  *,  nucleus  o£  the  cunei- 
form. 

posterior  gray  cornua  from  the  central  gray  substance  (Fig.  22). 
At  the  same  time,  these  parts  are  displaced  somewhat  outwardly 
towards  the  periphery,  since  the  lateral  columns  diminish  in  size. 
The  increase  of  volume  in  the  posterior  gray  columns  enables  us 
to  follow  them  on  transverse  sections  through  the  greater  part  of 
the  medulla  and  in  their  gradual  outward  course  (cf.  Fig.  22,  b, 
Figs.  24-26,  c).  In  the  peripheral  portion  of  these  sections  we 
observe  large  bundles  of  fibrils  ascending  vertically;  these  are 
the  large  ascending  roots  of  the  trigeminus  (Fig.  22,  h),  wliicli 
may  be  followed  down  to  the  second  and  third  cervical  nerves 
and  upward  as  far  as  the  exit  of  the  sensory  trigeminal  roots. 
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The  motor  decussation  has  lately  been  submitted  to  thorough 
investigations,  and  appears  to  be  derived  mainly  from  the  pos- 
tero-lateral  columns.  The  diagram  (Fig.  23)  enables  us  to  see 
this,  and  observe  how  the  fibrils,  before  crossing  the  middle  line, 
bend  gradually  forward,  and  how  they  displace  the  anterior  col- 
umns after  their  passage  across.  The  figure  demonstrates  too 
the  bundles  from  the  anterior  columns  which  join  the  pyramids 
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Pio.  23. — Dragrnm  of  the  motor  decussation.  Trnnsparent  longitudinal  view  of  tlie  medulla,  with  only 
the  anterior  and  the  decussation  of  the  posterolateral  columns  left,  a,  a.  Anterior  columns;  6,  6.  pyramido- 
postero-lateral  columns:  the  pyramidal  columns  of  the  right  side  (c),  arising  from  the  left  lateral  column,  and 
reinforced  by  a  slender  bundle  from  the  right  anterior  column,  are  left  unshaded,  those  of  the  left  side  are 
dotted.  The  part  of  the  anterior  columns  which  disappears  behind  the  pyraniid.s  is  shaded  with  vertical  lines. 

on  either  side  and  pass  up  along  with  these  undecus sated 
(Flechsig).  Thus  we  see  that  the  pyramids  contain  not  solely 
the  decussated  fibrils  of  the  postero-lateral  columns,  but  also 
some  additional  undecussated  elements,  varying  in  number,  from 
the  anterior  columns,  Flechsig  positively  denies  the  association 
with  the  pyramids,  at  an  anterior  point,  of  bundles  from  the  pos- 
terior columns  and  cornua,  though  it  has  been  asserted  that  this 
takes  place,  and  that  these  run  with  the  pyramids  into  the  pons. 
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The  deflection  of  so  many  bundles  from  the  lateral  and  poste- 
rior columns  produces  a  number  of  fibrils,  which  lie  horizontally 
on  a  transverse  section,  completely  interwoven,  and  embracing  in 
their  meshes  the  vertical  fibrils,  after  these  latter  have  split  up 
in  every  direction.  Thus  from  the  reticular  processes  of  the 
spinal  cord  we  get  the  formatio  reticularis  (Fig.  22,  g).  This 
latter  structure  occupies  more  and  more  space  in  the  transverse 
section  as  we  follow  it  upwards,  and  connects  all  the  fibrils  and 
structures  of  the  medulla.  But  its  complicated  mesh-work  is 
scarcely  to  be  unravelled.  Thus  the  transverse  section  even  of 
the  inferior  portions  of  the  medulla  assumes  the  altered  ap- 
pearance we  see  in  Figure  22.  The  four  cornua  are  separated 
from  the  central  gray  substance,  and  the  posterior  are  further 
very  much  dislocated.  The  centre  of  the  section  is.  occupied  by 
the  remaining  gray  substance  and  an  enormous  formatio  reticu- 
laris. In  addition,  we  see  the  development  of  new  gray  substance 
around  the  different  bundles  and  columns.  On  particularly  good 
sections  one  may  often  recognize  the  horizontal  fibrils  of  the 
roots  of  the  accessorius,  arising  from  the  neighborhood  of  the 
lateral  cornua,  i.  e.,  from  the  tractus  intermedio-lateralis  (Fig. 
22,  h). 

Higher  up,  while  the  formatio  reticularis  is  visibly  increasing 
in  size,  we  are  met  by  new  structures,  the  significance  of  which 
is  only  in  part  known. 

Of  these  structures  the  most  striking  are  the  olivary  bodies 
(Figs.  24,  25,  26,  b).  They  arise  in  the  territory  of  the  lateral 
columns,  close  upon  the  pyramids,  and  attain  the  length  of  14 
mm.  They  resemble  an  extremely  irregular  disc,  and  contain  a 
number  of  small  ganglion-cells.  On  the  whole,  they  look  like  a 
bean  or  an  almond,  with  the  hilus  directed  inwards.  A  number 
of  nerve-bundles,  coming  from  all  points,  enter  at  this  hilus, 
some  terminating  in  the  gelatinous  substance  of  the  olivary 
bodies,  while  others  pass  through  in  the  form  of  fine  bundles. 
This  appears  to  bring  about  an  extremely  Avide  connection  with 
all  the  different  parts  of  the  medulla  oblongata. 

Further  on  we  perceive  here  a  number  of  gray  nuclei,  most 
of  which  are  connected  with  some  cerebral  nerve,  and  must  be 
regarded  as  medullary  roots.    The  first  of  these  is  the  liypoglos- 


836 


EKB. — DISEASES  OF  THE  MEDULLA  OBLOIfGATA. 


sal  nucleus  (Figs.  24,  25,  26,  g\  situated  beside  the  middle  line, 
and  falling  back  with  the  central  canal.  At  the  entrance  of  this 
canal,  just  below  the  floor  of  the  fourth  ventricle,  we  find  it  lying 
on  the  edge  of  the  median  fissure. 

This  nucleus  attains  the  length  of  about  18  mm. ;  it  is  cylin- 
drical, attenuated,  and  contains  a  number  of  large  ganglia,  re- 
sembling in  every  respect  the  multipolar  cells  of  the  anterior 
cornua.  It  corresponds  exactly  to  the  anterior  cornu,  though  it 
retreats  along  with  the  central  canal,  which  opens  posteriorly, 
while  an  increasing  number  of  fibrils  pass  over  into  the  anterior 


Frn.  24. — Transverse  section  of  the  medulla  through  the  inferior  portion  of  the  olivary  body  and  the 
superior  terminatidn  of  the  nucleus  of  the  ni;cessorius.  o,  Pyramids ;  6,  olivary  body  :  c,  gelatinous  substance, 
and  ascending  root  of  the  trigeminus;  rf,  corpus  resti forme  ;  e,  funiculi  cuncati,  f.  gracilcs;/,  nucieiis 
aooessorii ;  cr,  nucleus  hypoglosai ;  fasciculus  rotiindus  (respiratory  fascicle  of  Krause) :  /.nucleus  funiculo- 
rum  gracilium  et  cuneatorum ;  XI  and  XII,  radices  accessorii  et  hypoglossi ;  internal  parolivary  bodies 
(nucleus  of  the  pyramids). 


portion  of  the  medulla.  Thus  the  anterior  end  of  the  hypoglos- 
sal nucleus  comes  to  be  situated  on  the  floor  of  the  fourtli  ven- 
tricle. The  roots  of  the  hypoglossus  (Figs.  24  and  25,  XII)  run 
horizontally  between  the  pyramids  and  the  olivary  bodies  to  join 
their  nucleus,  and  their  whole  course  is  easily  followed. 

Somev/hat  posterior  to  the  nucleus  hypoglossi,  and  in  the 
inferior  portion  of  the  medulla,  we  find  the  nucleus  of  the  acces- 
sorius  (Fig.  24,/).  It,  too,  is  represented  hj  a  columnar,  attenu- 
ated, gray  structure,  which  extends  to  tlie  tractus  intermedio- 
lateralis  of  the  spinal  cord  (cf.  Part  I.,  p.  16),  and  with  this  it 
gradually  alters  its  position  in  relation  to  the  other  parts  of  the 
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section.  From  it  tlie  superior  roots  of  the  accessorius  run  later- 
ally and  somewhat  posteriorly. 

The  nucleus  accessorii  is  immediately  bounded  by  a  gray 
mass,  which  is  situated  in  this  region,  beside  the  nucleus  hypo- 
glossi.  This  is  the  nucleus  of  the  tiagus.  It  contains  a  number 
of  small  and  middle-sized  ganglia,  and  lies  in  the  fourth  ventri- 
cle, along  with  tlie  hypoglossal  nucleus,  in  the  so-called  ala 
cinerea,  immediately  beneath  the  surface. 

Immediately  adjacent  to  the  internal  portion  of  this  nucleus 
comes  a  clearly  defined,  round  fascicle  of  coarse  fibrils  (Figs.  24 
and  25,  h).    We  can  trace  this  along  the  whole  course  of  the 


Fio.  25. — Transverse  section  through  the  centre  of  the  olivary  bod}',  and  of  the  vagus-root,  a,  Pyra- 
midal fasciculi;  6,  olivary  body;  c,  gelatinous  substance  and  trigemuius-root ;  d,  corpus  restiforme;  e,  fa- 
niculi  graciles  ct  cuneati :  /,  nucleus  vagi ;  g,  nucleus  liypoglossi;  A,  fasciculus  rotundus  (respiratory  fasci- 
cle): /,  parolivary  body  (external);  fibrie  arciformes ;  /,  nucleus  of  the  same;  m,  motor  nucleus  of  the 
vagus  (Meynert) ;  X,  XCI,  fasciculi  of  the  vagus  and  hypoglossal  roots. 


nucleus  vagi,  and  find  it  composed  of  fascicles  from  the  vagus, 
glossopharyngeus,  and  accessorius.  It  runs  down  into  the  cer- 
vical portion  of  the  cord,  and  is  said  to  come  into  connection 
with  the  phrenic  (Krause's  respiratory  fascicle).  According  to" 
Stieda,  the  roots  of  the  three  above-mentioned  nerves  are  derived 
from  this  lateral  ascending  longitudinal  fascicle,  and  not  from 
the  gray  structures,  which  are  generally  designated  as  their 
nuclei. 

The  nucleus  of  the  vagus  is  bounded,  too,  by  another  gray 
structure,  which  comes  into  immediate  contact  with  it,  and  is  not 
separated  by  any  distinct  boundary  ;  it  lies,  however,  somewhat 
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less  superficially,  and  is  designated  as  tlie  nucleus  of  the  glosso- 
pharyngeus  (Fig.  26,  7i).  The  roots  of  the  glossopharyngeus  run 
almost  horizontally  from  it,  outwards  and  forwards,  making  their 
exit  from  the  medulla  above  the  roots  of  the  vagus. 

Meynert  and  Huguenin  describe  further  a  motor  nucleus  of  the  vagus  and  glos- 
sopharyngeus, which  is  situated  more  in  the  interior,  between  the  olivary  body  and 
ascending  root  of  the  trigeminus.  We  have  indicated  its  position  in  Fig.  25  by  m. 
Stieda  looks  upon  it  as  the  nucleus  proper  of  the  vagus. 

The  posterior  median  nucleus  of  the  acusticus  (Fig.  26)  (nu- 
cleus acust.  sup.  of  Henle  ;  median  nucleus  of  the  posterior  root 
of  the  acusticus  of  Krause)  comes  likewise  into  contact  with  the 


Pig.  26. — Transverre  section  of  the  medulla  through  the  superior  end  of  the  oUvary  body,  where  the  pos- 
terior median  acoustic  nucleus  occurs,  a,  Pyramids;  b,  olivary  body;  c,  gelatinous  substance  and  ascending 
trigeminus-root :  rf,  corpus  restiforme ;  e,  funiculi  cnnoati  et  graciles  posterior  median  acoustic  root ;  ij, 
anterior  termination  of  the  hypoglossus  nucleus ;  A.  glossopharyngeus  nucleus ;  i,  posterior  lateral  acoustic 
nucleus ;  k,  librae  arciformes  ;  VIII,  posterior  acoustic  roots. 


vagus ;  but  it  is  more  superficially  situated,  and  somewhat  to 
the  outer  side  of  the  glossopharyngeal.  It  occupies  the  whole 
space  included  between  the  ala  cinerea  and  pedunculus  cerebelli, 
*up  to  the  anterior  border  of  the  striae  medullares.  The  posterior 
root  of  the  acoustic  takes  its  chief  origin  from  this  nucleus,  and 
passes  out  partly  in  superficial  fasciculi  (striae  acusticae),  and 
partly  through  the  body  of  the  medulla.  Between  these  two 
fasciculi  we  find  the  2yosterior  lateral  acoustic  nucleus  (Fig.  26,  i) 
(nucleus  acust.  inferior  of  Henle)  \y\r\g  beside  the  peduncle,  in 
the  form  of  a  small  gray  nodule.  Besides  these,  the  acoustic 
possesses  two  other  nuclei,  belonging  to  its  anterior  roots,  and 
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situated  in  that  portion  of  the  medulla  which  lies  anterior  to  the 
strife.  The  first  is  the  anterior  median  acoustic  nucleus  (Fig. 
29,  VIII)  (median  nucleus  of  the  anterior  acoustic  roots  of 
Krause),  and  occupies  the  external  angle  of  the  fourth  ventricle, 
about  the  middle  of  the  pedunculus  cerebelli.  The  second  ap- 
pears like  a  prolongation  of  the  posterolateral  acoustic  nucleus 
beside  the  peduncle,  and  is  wedged  in  between  the  peduncle,  the 
crus  cerebelli  ad  pont.  and  the  flocculus.  It  receives  the  name 
of  anterior  lateral  acoustic  nucleus  (nucl.  acust.  lateralis  of 
Henle),  and  gives  origin  to  the  portio  intermedia  Wrisbergii. 

We  have  now  described  in  the  medulla  oblongata,  below  the 
level  of  the  pons,  all  the  structures  that  are  at  all  well  known. 
There  are,  however,  a  few  other  gray  nuclear  bodies,  whose  sig- 
nification and  connections  are  but  little  known.  These  are  the 
following : 

The  nucleus  of  the  pyramids  (^internal  par  olivary  tody,  Fig. 
24,  k),  a  structure  which  is  bent  at  a  sharp  angle,  and  runs  verti- 
cally, consisting  of  gray  substance  of  the  same  structure  as  the 
olivary  bodies.  They  lie  opposite  the  pyramids  in  front,  and  to 
the  inside  of  the  olivary  bodies,  corresponding  nearly  with  the 
position  of  the  former  anterior  cornua. 

Then  we  have  the  par  olivary  bodies  (external,  Fig.  25,  ?!), 
similar,  slightly  concave  bands,  which  occupy  a  position  exactly 
bounding  the  internal  half  of  the  posterior  border  of  the  olivary 
bodies. 

Further,  we  find  the  nucleus  of  the  cuneiform  column  arising 
from  what  was  the  anterior  cornu,  a  longish,  gray  body  on  the 
inner  border  of  the  cuneiform  column,  and  enlarging  as  it  ascends 
(Fig.  22,     Fig.  24,  /). 

Fourthly  comes  the  nucleus  of  the  funiculus  gracilis,  in  the 
shape  of  a  longitudinal  pillar  of  gray  substance.  It  arises  from 
the  centre  of  the  funiculus  gracilis,  and  produces  the  enlarge- 
ment in  this,  known  as  the  clava  (Fig.  22,  Fig.  24,  -/).  It 
ascends  with  the  nucleus  of  the  cuneiform  column,  and  both 
extend  to  the  posterior  end  of  the  postero-lateral  acoustic  nu- 
cleus. 

The  last  on  this  list  is  the  nucleus  of  the  lateral  column,  a 
small,  cylindrical,  attenuated  column  of  cells  in  the  posterior 
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portion  of  the  lateral  column  between  the  olivary  body  and  the 
caput  cornu  posterioris. 

The  remainder  of  the  transverse  section  is  occupied  by  the 
formatio  reticularis,  which  attains  its  maximum  dimensions  and 
symmetry  parallel  with  the  olivary  bodies.  This  structure  is  con- 
stituted of  a  number  of  fascicles,  which  run  horizontally  in  an 
arched  course,  though  sometimes  radially,  and  embrace  in  their 
meshes  a  number  of  vertical  bundles.  All  through  its  substance 
we  see  numerous  ganglia,  so  that  we  find  the  most  intimate  inter- 
mixture and  intertwining  of  white  and  gray  substance.  The 
place  of  the  anterior  commissure  below  the  decussation  of  the 


Via.  27.— TransverRe  section  of  the  medulla  through  the  interior  border  of  the  pons,  on  a  level  with  the 
facial  and  abducens  roots.  Somewhat  dmgrammiitic.  The  right  half  rei)resents  a  section  made  a  little  below 
the  left  section,  n,  pyramids;  b,  transverse  fasciculi  of  the  pons;  c,  gelatinous  substance  and  asccndmg  tri- 
geminus root;  (/,  pedunculus  cerebelli ;  e,  nucleus  of  the  abducens  (nucleus  common  to  the  facialis  and  abdu- 
cens);  /,  genu  nervi  facialis;  a,  descending  limb  of  the  facialis  root;  /t  nucleus  of  facialis;  i,  anterior 
olivary  body ;  VT,  root-fascicle  of  abducens ;  VII,  do.  of  facialis. 


pyramids  is  filled  above  this  point  by  the  rapJie.  This  structure 
enlarges  in  its  antero-posterior  axis  as  it  ascends,  and  consists 
both  of  longitudinal  and  transverse  fibres.  We  have  further  to 
mention  the  Jibra  arci/ormes,  which  surround  almost  the  whole 
outer  surface  of  the  medulla  in  the  form  of  a  layer  (varying  in 
dimensions)  of  fibres  that  take  a  horizontal  or  an  oblique  course. 
They  increase  in  size  as  they  ascend,  and  generally  run  into  the 
raphe  (Figs.  25  and  26,  7c). 

Almost  parallel  with  the  most  anterior  striae  we  are  met  on 


0 


ANATOMICAL  INTRODUCTION.  841 

the  anterior  surface  of  the  medulla  by  an  enormous  body  of 
ti-ansverse  fasciculi,  /.  <?.,  the  pons  Varolii  (Fig.  27,  b,  Fig.  28).  It 
is  this  structure  which  produces  the  characteristic  appearance  of 
the  anterior  portion  of  the  medulla.  The  pons  consists  of  numer- 
ous and  well-developed  transverse  bundles,  between  which  we 
can  trace  scarcely  anything  but  the  main  longitudinal  fibres, 
namely,  the  pyramids. 

The  most  important  and  best-studied  parts  of  tliis  anterior 
portion  of  the  medulla  are  the  nuclei  of  the  fifth,  sixth,  and 
seventh  cerebral  nerves. 

The  best  and  longest  known  of  these  is  the  nucleus  of  the 
ahducens  (mixed  nucleus  of  the  facialis  and  abducens,  Fig.  27,  e). 
It  lies  in  the  continuation  of  the  liypoglossus,  only  divided  from 
this  by  a  very  short  interval,  and  occupies  a  position  just  above 
the  striae  on  the  side  of  the  median  fissure,  which  extends  about 
six  or  seven  millimetres  in  the  form  of  an  attenuated  gray  col- 
umn. The  roots  of  the  abducens  run  almost  horizontally  from 
the  pyramidal  region  towards  the  pons,  at  the  inferior  border  of 
which  they  diverge  slightly. 

This  nucleus  appears,  too,  to  be  connected  with  the  facialis, 
for  the  facialis  root  takes  its  course  from  the  lateral  region  of  the 
pons  towards  the  median  fissure  of  the  rhomboid  sinus,  close 
to  the  abducens-nucleus.  From  the  descriptions  of  Henle  and 
Huguenin,  there  can  be  no  doubt  that  the  facialis  root  gives  off  a 
number  of  fibres  which  pass  into  this  abducens-nucleus ;  hence  it 
has  been  designated  as  "posterior  facial  nucleus."  After  this, 
the  facial  root  takes  a  sudden  backward  turn,  and  runs  for  a 
short  distance  parallel  to  the  median  fissure.  Turning  again 
sharply  (genu  nervi  facialis,  Fig.  27,  /)  it  presses  forward  and 
into  the  interior  of  the  medulla,  where  it  meets  a  longish  fascicle 
of  gray  substance,  the  nucleus  proper  of  the  facialis  (Fig.  27,  7i).  # 
Thus  we  see  the  root  of  the  facialis  only  passes  round  the  abdu- 
cens nucleus  in  a  horseshoe  course,  and  is  certainly  in  but  very 
small  part  derived  from  this  nucleus.  The  latest  observers  return 
to  the  old  view,  and  deny  even  the  remotest  connection  between 
the  facialis  and  the  nucleus  of  the  abducens. 

The  question  about  the  facial  nucleus  does  not  appear  to  have 
received  its  final  answer.    Amongst  others,  Lockhart  Clarke  de- 
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scribes  a  so-called  "inferior"  facial  nucleus  in  the  inferior  por- 
tion of  tlie  medulla  on  a  level  with  the  hypoglossal  and  acces- 
sorial nuclei,  and  indeed  pathological  facts  (bulbar  paralysis) 
seem  to  confirm  its  existence. 

In  connection  with  the  trigeminus,  the  complication  is  still 
greater.  We  have  already  described  one  of  its  roots,  the  ascend- 
ing, which  belongs  to  the  caput  cornu  posterioris,  and  may  be 
traced  down  through  the  whole  length  of  the  medulla  into  the 
cervical  region  of  the  spinal  cord.  So  we  are  justified  in  regard- 
ing the  caput  cornu  post,  as  inferior  sensory  trigeminal  nucleus 
(Fig.  23,  5,  Figs.  2-4-28,  c).    The  motor  trigeminal  nucleus  is 
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Fw3.  !?8. — ^Transverse  section  of  the  meriiilla  through  the  anterior  portion  of  the  fourth  ventricle,  coincid- 
ing with  the  exit  of  trigeminus.  Semi-diagrammatic,  a,  pyramids;  c,  gelatinous  substance  and  ascending 
root  of  trigeminus;  6,  descending  trigeminal  root,  of  cerebral  origin  ;  A,  orus  cerel)elli  nd  corp.  qnndr. ;  e, 
motor  nucleus  and  root  of  trigeminus  ;  /,  middle  sensory  trigeminal  nucleus  ;  F,  root-fa.scicle  of  trigeminns. 

situated  on  the  floor  of  the  fourth  ventricle,  close  to  the  upper 
border.  Its  anterior  termination  coincides  with  the  entrance  of 
the  Sylvian  aqueduct,  and  from  this  it  extends  in  form  of  a  fine, 
gray  column  to  the  border  of  the  facialis  roots.  This  nucleus 
gives  origin  to  the  portio  minor  of  the  trigeminus.  At  the  point 
where  the  roots  of  the  portio  trigemini  major  separate,  and  run 
some  forward,  and  the  rest  backward,  we  find  a  small  gray 
mass  lodged  between  the  two,  representing  the  middle  sensory 
nucleus  of  the  trigeminus  (Fig,  28,  /),  The  smaller  portion  of 
root  fascicles  (Figl  28,  5),  which  takes  an  anterior  course,  passes 
to  the  far  side  of  the  corpora  quadri,,  and  terminates  there  in  the  . 
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superior  sensory  trigeminal  nucleus.  Thus  we  can  count  up  four 
nuclei  for  the  trigeminus,  as  we  did  for  the  acoustic. 

In  addition  to  these  gray  nuclei  we  meet  in  the  superior  por- 
tion of  the  medulla :  1,  the  superior  olwary  hody  (27,  i),  a  long- 
ish,  gray  column,  which  is  situated  in  the  pons  just  in  front  of 
the  facial  nucleus,  and  2,  the  pons  nuclei,  consisting  of  patches 
of  gray  substance  scattered  through  the  whole  pons. 

The  remainder  of  the  transverse  section  through  the  anterior 
part  of  the  medulla  is  taken  up  by  the  transverse  fibres  of  the 
pons,  and  the  formatio  reticularis. 


Fio.  29. — Transparent  view  of  the  medulla  from  behind.  On  the  right  hand  the  nervo-nuolei  are  dia- 
grammatically  rcpreBcnted,  and  lettered  with  Roman  numbers.  V,  motor  tri(?eminnl  nucleus ;  K',  median,  and 
K",  inferior  sensory  trigeminal  nuclei ;  Vf.  nnolens  of  abducens;  V'[f^  facial  nucleus;  VIFT,  posterior  median 
acoustic  nucleus  ;  Vfll',  anterior  median,  KW  i)08terior,  and  V[ll"',  anterior  lateral  acoustic  nuclei;  IX, 
glossopharyngeal  nucleus;  nuclei  of  Jf,  vastus,  AV,  acccssori us,  and  AY/,  hypoglossus,  1,  crus  cerebelli  ad 
pontem  ;  2,  crus  cerebelli  nd  corp.  quadr,  ;  8,  crus  cerebelli  ad  mcclullam  ;  4,  cminontia  teres :  6,  striaj 
acusticfe:  G,  ala  cinerc:i.  The  Uomon  numerals  (V. — XII.)  beside  the  figure  represent  the  corresponding 
nerve-roots.  The  Arabic  numerals  (22,  24-28)  are  attached  to  the  transverse  section  of  roots,  which  bore  the 
same  numbers  In  foregoing  figures. 


It  is  evident  from  the  complicated  relations  between  all  the  structures  we  have 
been  describing  that  it  is  no  easy  matter  to  get  a  correct  idea  of  the  topographical 
anatomy  of  the  fresh  uniiardened  organ,  one  that  will  take  in  every  particular,  and 
enable  us  at  a  post-mortem  examination  to  say  without  hesitation  what  nuclei  or 
nerve-fascicles,  etc.,  coincide  with  some  small  patch  of  softening,  some  diminutive 
apoplexy,  or  with  some  defined  sclerotic  centre.  In  order  to  lighten  the  practition- 
er's task  in  this  direction,  we  insert  two  diagrammatic  sketches,  which  give  lateral 
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and  front  views  of  the  approximate  situation  of  the  most  important  gray  centra. 
We  here  follow  the  example  of  others,  such  as  Stilling,  Krause,  et  al.  These  diagrams 
do  not  of  course  make  the  very  slightest  pretensions  to  extreme  accuracy,  but  still 
we  hope  they  will  give  an  easily  comprehensible  picture  of  the  topography,  and 
one  that  will  act  as  a  key  to  this  anatomical  laljiyrinth. 

Fig.  29  represents  a  transparent  view  of  the  medulla  oblongata  from  behind, 
on  the  right  side  of  which  all  the  above-mentioned  nuclei  are  represented  and  their 
names  attached,  while  on  the  left  side,  to  aid  comparison,  nothing  is  given  but  the 
superficial  structures,  such  as  the  ala  cinerea,  stria;  meduUares,  etc.    By  this  means 


Pig.  30.— Transparent  lateral  view  of  the  medulla,  showing  the  relative  positions  of  the  most  important 
nuclei ;  right  half  of  the  medulla,  seen  from  the  surface  of  section  :  the  parts  that  lie  closer  to  this  surface  are 
deeper  shaded.  Diagrammatic.  Py,  ijyramidal  tract;  Py  It'r,  decussation  of  pyramids;  O,  olivary  body  ; 
O-i,  superior  olivary  body;  K,  motor,  V',  middle  sensory,  I'",  inferior  sensory  nucleus  of  trigeminus;  I-Y, 
nucleus  of  abducens ;  G/,  genu  facialis ;  F//,  nucleus  facialis ;  P'///,  posterior  median  acoustic  nucleus :  fX, 
glossopharyngeal  nucleus;  X,  nucleus  of  vagus;  Xf.  accessorius  nucleus;  XII,  hypoglossal  nucleus;  i'e, 
nucleus  of  the  funiculus  gracilis ;  K  V,  trigeminus  root ;  those  o£  the  B  VI,  abducens  and  It  VII,  facialis. 

one  sees  plainly  the  nuclei  of  the  sixth  and  seventh,  of  the  fifth  and  eighth,  the 
hypoglossal  nucleus,  and  the  inter-connected  nuclei  of  the  ninth,  tenth,  and  eleventh 
pairs.  Of  course,  neither  the  form  nor  size  of  the  diagrammatic  nuclear  structures 
is  exactly  true  to  nature,  the  only  thing  that  is  aimed  at  being  a  faithful  representa- 
tion of  their  situation  as  relates  to  one  another  and  the  surface.  Further,  we  have 
sacrificed  a  number  of  details  to  the  clearness  of  the  sketch. 

Fig.  30  gives  a  transparent  view  of  the  right  half  of  the  medulla,  seen  from  the 
surface  of  section  (i.  e.,  antero-posterior,  through  the  middle  line,  and  vertical),  so 
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that  what  is  nearest  to  the  observer  in  the  diagram  is  nearest  to  the  middle  line. 
In  this  figure,  too,  only  some  of  the  gray  nuclei  are  represented,  in  order  clearly  to 
display  their  relation  to  the  exterior  and  their  internal  relations  of  space.  The 
nuclei  nearest  the  observer  (i.  e.,  nearest  the  middle  line)  are  deeper  shaded,  whilo 
those  that  are  further  from  him,  and  consequently  nearer  the  surface  of  the 
medulla,  have  only  a  light  shading.  Amongst  the  nerve-tracts  which  communicate 
with  the  nuclei  we  have  given  only  semi-diagrammatically  those  of  the  fifth,  sixth, 
and  seventh  nerves,  especially  the  latter,  in  order  to  render  the  genu  nervi  facialis 
more  distinct.  Only  the  three  nuclei  of  the  trigeminus,  which  lie  within  the  medulla, 
are  sketched,  and  only  the  principal  nucleus  of  the  acoustic. 

Connection  between  the  liistological  elements,  and  the  course 
of  the  nerve-fibres  in  the  medulla  oblongata. 

Notwithstanding  all  the  investigations  that  have  been  made 
and  the  incalculable  trouble  expended  on  this  subject,  we  are 
scarcely  acquainted  with  the  barest  outlines.  We  know  just  as 
little  about  the  fate  of  most  of  the  fasciculi,  which  enter  the  me- 
dulla from  below  and  from  above,  as  we  do  of  the  significance  of 
numerous  striking  structures  in  the  medulla.  Their  connection 
with  one  another  and  with  the  gray  nuclei,  the  mode  of  inter- 
ruption and  where  it  occurs,  their  transposition  and  their  termi- 
nation, all  remain  a  mystery. 

Still  we  know  somewhat  more  about  the  course  of  the  root- 
fibres  from  their  entrance  into  the  medulla  till  they  reach  their 
proper  nuclei,  where  they  temporarily  end.  The  root-fascicles  of 
the  hypoglossus,  and  perhaps,  too,  those  of  the  abducens,  are  the 
only  ones  which  run  directly  and  almost  horizontally  from  their 
point  of  entrance,  and  can  be  followed  on  a  transverse  section 
along  nearly  their  whole  course.  Most  of  the  other  root-fibres 
take  a  more  or  less  oblique  course  and  are  often  tortuous.  Part- 
ly, indeed,  their  course  is  comparatively  simple  ;  but  sometimes 
they  break  up  into  separate  fascicles,  and  sometimes  press  in- 
wards towards  the  nuclei  in  more  compact  masses  ;  such  are  the 
root-fascicles  of  the  accessorius,  vagus,  and  glossopharyngeus. 
But  others  are  much  more  tortuous,  and  split  up  in  all  directions 
to  join  nuclei  that  lie  far  apart ;  to  this  category  belong  the  roots 
of  the  trigeminus  and  acoustic.  The  roots  of  the  facial,  finally, 
as  we  described  them  above,  form  a  large  arch  with  its  crown 
(genu)  touching  the  posterior  surface  of  the  medulla,  and  its  pil- 
lars in  the  facial  nuclei. 
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There  have  been  many  investigations  made,  and  much  discus- 
sion, on  the  possibility  of  a  decussation  of  the  root-fibres  in  the 
medulla.  It  seems,  however,  to  be  settled  beyond  doubt,  that 
by  far  the  greater  part  of  the  fibres  of  every  nerve  that  enters 
the  medulla  remains  on  the  same  side,  and  ends  in  the  gray 
nuclei  of  the  side.  The  decussation  of  some  few  fibres  has  been 
asserted,  but  by  no  means  proven.  Krause's  words  on  this  sub- 
ject represent  truly  the  present  extent  of  our  knowledge  ;  he 
says  :  "The  roots  of  the  abducens,  of  the  portio  trigemini  minor, 
the  anterior  acoustic  and  the  inferior  accessorial  roots  most  cer- 
tainly do  not  decussate  ;  a  partial  decussation  (of  some  fibres)  of 
the  portio  trigemini  major,  of  the  posterior  acoustic  roots,  of  the 
glossopharyngeus  and  vagus  may  take  place  ;  possibly,  too,  of 
the  facial,  the  superior  accessorial,  and  the  hypoglossal,  but  the 
assumption  of  the  partial  decussation  of  these  latter  may  be  due 
to  misconceptions."  In  any  case  the  decussation  of  all  these 
tracts  (and  we  are  compelled  by  a  number  of  clinical  facts  to 
assume  their  decussation)  takes  place  after  they  have  passed 
their  nuclei,  further  up  in  the  medulla  or  in  the  pons.  But  the 
exact  place  where  it  occurs  is  totally  unknown,  since  even  the 
central  continuation  of  all  these  nerves  after  they  pass  into  their 
nuclei  is  almost  completelj''  a  blank  to  us.  We  can  only  conjec- 
ture that  these  tracts  are  to  be  looked  for  in  the  formatio  reticu- 
laris, and  that  they  then  successively  cross  in  the  raphe,  and 
afterwards  join  other  tracts  {e.  g.,  the  pj^ramidal)  at  different 
points  as  these  come  up  from  the  spinal  cord  to  the  brain. 

Our  knowledge,  too,  is  at  the  same  low  point  as  regards  the 
course  of  the  different  tracts  into  which  we  can  dissect  the  spinal 
cord,  and  as  regards  the  ultimate  course  of  the  spinal  columns  in 
the  medulla  oblongata. 

The  course  of  the  pyramidal  tracts  has,  however,  been  settled 
beyond  all  doubt  by  the  thorough  investigations  of  Flechsig. 
The}^  are  collected  from  the  posterior  portions  of  the  lateral  and 
the  internal  fasciculi  of  the  anterior  columns,  and  after  the  decus- 
sation of  the  parts  alone  derived  from  the  lateral  columns,  they 
run  directly  and  continuously  throngh  the  medulla  upwards  ; 
they  then  enter  the  pons,  and  separate  gradually  into  a  number 
of  fibrils,  but  without  any  transposition  or  discontinuity,  till  they 
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arrive  at  tlie  pedunciilus  cerebri,  where  they  pass  through  the 
inner  capsule  and  further  on  into  the  brain.  In  the  pons  the 
pyramids  appear  to  be  reinforced  by  fibres  from,  the  pons  and 
fibrse  arena ta3,  which  probably  come  from,  or  are  going  to,  the 
cerebellum.  Flechsig  positively  denies  any  addition  to  the 
I)yramids  from  the  so-called  sensory  decussation  of  the  posterior 
columns  and  cornua. 

The  direct  tractus  ah  cerehello  ad  columnas  laterales,  which 
Flechsig,  too,  has  studied  so  accurately,  runs  completely  into 
the  restiform  body,  though  it  is  only  one  factor  in  this  structure. 
The  two  go  together  into  the  cerebellum,  where  their  termination 
has  not  yet  been  discovered.  The  real  significance  of  this  tract 
has  not  been  determined,  but  it  may  have  some  connection  with 
Clarke's  columns. 

It  is  a  more  difficult  matter  when  we  come  to  the  posterior 
columns.  The  so-called  funiculi  graciles  (Goll)  probably  end 
in  great  part  in  the  "nuclei  of  the  columnse  graciles"  at  the 
level  of  the  clavse.  In  the  same  way  the  greater  part  of  the 
funiculi  cuneati  terminates  in  the  nucleus  of  this  column ;  'pos- 
sibly^ however,  some  of  its  fibres  go  directly  as  fibrse  arcuatse 
into  the  formatio  reticularis,  olivary  body,  etc.  But  the  further 
course  of  the  posterior  columns  is  totally  unknown.  The  old 
view  (which  rested  on  external  appearances)  that  the  funiculi 
graciles  et  cuneati  continued  straight  into  the  pedunculi  cerebelli, 
and  ran  with  these  into  the  cerebellum,  while  the  external  por- 
tion of  the  pedunculi  (the  corpus  restiforme  proper)  was  derived 
through  the  fibrse  arcuatse  ext.  et  int.  from  the  antero-lateral 
column — this  view  was  most  decidedly  a  false  one.  But  the 
modern  view,  which  has  been  worked  out  chiefly  by  Meynert, 
has  not  passed  without  opposition.  Meynert  considers  that  the 
greater  part  of  the  posterior  columns  (or  their  continuation)  runs 
into  the  olivary  and  parolivary  bodies  of  the  same  side,  and  that 
then  their  continuations  pass  across  the  raphe,  finally  forming 
the  restiform  body  of  the  opposite  side.  Accordingly  we  should 
have  the  virtual  continuation  of  the  spinal  posterior  columns  in 
the  restiform  bodies  of  the  opposite  side,  and  the  olivary  and 
parolivary, bodies  thrown  into  their  course.  What  are  defined  as 
funiculi  graciles  et  cuneati  in  the  pedunculi  cerebelli,  and  which 
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lie  in  tlie  middle  line,  these  Meynert  describes  as  structures  of  new- 
origin  and  springing  from  the  formatio  reticularis,  which  higher 
up  join  the  spinal  columns  of  the  same  name,  and  take  their 
place,  without  being  continuations  of  these,  in  the  same  manner 
as  the  pyramids  take  the  place  of  the  anterior  cohimns. 

Space  does  not  allow  us  to  give  in  detail  Flechsig's  objections 
to  this  view  of  Meynert's.  We  shall  only  mention  that  Flechsig 
describes  a  great  number  of  fibres  which  come  from  the  nuclei  of 
the  funiculi  graciles  (anterior  decussation)  and  accompany  the 
pyramids  for  some  distance.  They  soon,  however,  leave  the 
pyramids,  and  rejoin  the  formatio  reticularis  in  the  neighborhood 
of  the  olivary  and  internal  parolivary  bodies.  Flechsig,  too, 
asserts  the  existence  of  an  extensive  connection  between  the  oli- 
vary body  and  the  cuneiform  column  of  the  same  side.  Accord- 
ing to  the  same  author  at  least  a  portion,  the  outer  portion,  of 
the  restiform  body  is  composed  of  fibres,  which  spring  from  the 
formatio  reticularis  and  the  region  of  the  olivary  decussation. 

The  remainder  of  the  anterior,  after  deduction  of  the  pyra- 
mido-anterior  columns  (Flechsig's  fundamental  anterior  column) 
runs  directly  upwards  into  the  so-called  posterior  longitudinal 
fascicle  of  the  medulla,  which  is  situated  posteriorly  between 
the  roots  of  the  hypoglossus  and  the  raphe.  This  fascicle  is 
then  continued  through  the  posterior  portion  of  the  pons  into 
the  cerebrum. 

WJiat  remains  of  tlie  lateral  columns,  when  Ave  put  aside  the 
pyramido-lateral  tract,  is  lost  in  the  formatio  reticularis,  and  is 
here  possibly  in  direct  connection  with  the  corpora  quadrigemina 
and  the  thalamus  opticus.  From  the  latter  two  structures,  as  we 
must  not  forget,  a  very  considerable  number  of  fibres  descend  to 
the  medulla,  and  take  part  in  the  construction  of  the  formatio 
reticularis.  In  that  portion  of  the  formatio  reticularis  which 
lies  between  the  olivary  bodies,  Flechsig  describes  the  fibres  that 
are  connected  with  the  corpora  quadrigemina,  and  in  a  region  of 
the  format,  retic.  posterior  to  this  he  places  the  fibres  which  come 
from  the  optic  thalamus. 

After  we  have  exhausted  all  that  we  know  perfectly  and  in 
part  in  the  medulla,  there  remains  a  vast  field  of  which  we  know 
nothing  whatsoever.    The  exact  connections  and  significance  of 
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the  olivary  and  parolivaiy  bodies,  the  pyramidal  nuclei,  etc., 
are  all  totally  unknown;  further,  we  know  nothing  of  whence 
the  innumerable  fibres  of  the  substantia  reticularis  come,  and 
whither  they  go.  We  are  equally  ignorant  of  the  central  tracts 
of  all  the  different  bulbar  nerves,  and  of  the  ending  and  signifi- 
cance of  the  fibres  of  the  pons.  Nor  are  we  acquainted  with 
the  origin  and  function  of  the  majority  of  the  peduncular  tracts. 
Further,  none  of  the  centra,  the  existence  of  which  has  been 
assumed  to  explain  physiological  facts,  the  centra  for  the  respir- 
atory and  cardiac  movements,  and  for  deglutition,  the  vaso- 
motor centra  and  the  centrum  for  convulsions — in  fact,  all  the 
great  reflex  tracts  of  the  medulla— none  of  these  has  been  recog- 
nized by  the  anatomists.  Doubtless  the  formatio  reticularis  does 
display  the  most  suitable  anatomical  structure  for  the  accom- 
plishment of  every  possible  reflex  action,  and  so  it  is  perhaps 
allowable  to  conjecture  that  this  formation  chiefly  serves  for  re- 
flex processes;  but  there  is  an  extremely  wide  gulf  between  a 
conjecture  like  this  and  a  certainty  which  clears  up  every  detail. 

We  consider  it  advantageous  to  give  a  diagram  of  the  course  of  the  fibres  (after 
Flechsig,  Arch,  der  Heilk.  XVIII.  Taf.  VI.)  to  enable  the  reader  to  get  a  general 
conception  of  the  subject,  and  at  the  same  time  show  him  liow  complicated  the 
study  is.  Figure  31  represents  the  medulla,  pons  and  the  neighboring  structures, 
leaving  out  all  the  gray  nuclei  except  the  olivary  bodies,  and  only  giving  the  for- 
matio reticularis  as  a  shaded  space.  The  sketch  gives  a  general  view  of  the  most 
importiint  and  best-known  tracts,  which  ascend  from  the  anterior,  lateral,  and  i30s- 
terior  columns  of  the  spinal  cord  (  V,  S,  II).  We  can  see  plainly  how  the  pyram- 
idal tracts  {Pi/)  are  formed  from  the  pyramido-anterior  (a)  and  pyramido-lateral 
(d)  tracts.  And  then  we  can  follow  the  course  of  the  ccrebello-lateral  columns  (e-e) 
whicli  ascend  to  the  pedunculi  cerebelli.  Then  we  observe  how  the  internal  por- 
tions of  these  pedunculi  (P.ci)  are  lost  in  the  formatio  reticularis,  whilst  the  exter- 
nal (P.c.e)  run  into  the  olivary  bodies.  The  remainder  of  the  anterior  (&)  and  lateral 
(c)  columns  end  in  the  formatio  reticularis.  The  fibres  of  the  funiculi  gracilcs  (/), 
after  piercing  the  nucleus  of  the  funiculus  (/'),  form  the  anterior  decussation  of  the 
pyramids,  join  the  pyramidal  tracts,  and  then  immediately  fall  back  into  the  oli- 
vary bodies  and  the  formatio  reticularis.  The  tracts  of  the  cuneiform  column  (g) 
after  they  reach  their  nuclei,  spread  out  into  the  olivary  bodies,  and  partly  into 
the  formatio  reticularis.  This  formation  further  receives  fibres  from  tlie  thalamus 
opticus  (Thai.)  and  corpora  quadr.  (G.q.F).  From  the  latter  structures,  too,  fibres 
pass  into  the  olivary  bodies  (C.q.O). 

Thus  we  see  that  the  fomiatio  reticularis  receives  fibres  from  every  quarter,  and 
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that  these  fibres  are  here  woven  into  a  complete  chaos  of  threads.  If  we  only  imagine 
the  addition  of  a  number  of  other  gray  nucleolar  structures  (to  which  we  have  here 
made  allusion),  and  all  their  afferent  and  efferent  fibres,  the  root-fibres,  the  fibraj 
arcuatffi,  the  fibres  of  the  pons,  etc.,  we  shall  then  have  a  painfully  acute  idea  of  the 
structure  with  which  we  have  to  deal,  and  the  hopelessness  of  ever  unravelling  it ; 
we  shall  then,  too,  comprehend  how  our  knowledge  of  the  finer  structure  of  the 
medulla  has  remained  so  extremely  incomplete,  in  despite  of  all  the  work  and  trou- 
ble bestowed  upon  it. 


Fio.  31, — Diagram  ot  the  chief  tracts  in  the  medulla.  The  forraatio  reticularis  is  represented  by  shad- 
ing. Ol,  olivary  body;  V,  anterior,  S,  lateral,  and  If,  posterior  spinal  funiculi:  or,  pyramido-anterior 
tract ;  d,  pyramido  lateral  tract ;  fy,  pyramidal  tract ;  6,  remainder  of  anterior  column ;  c,  remainder  of  the 
lateral  oolnmn  ;  e-e,  cerebello-lateral  tract ;  f,  funiculus  gracilis,  and  y,  nucleus  of  the  same  ;  ff,  funiculus 
cnneatus.  and  {/',  nucleus  of  the  same  ;  P.c.i,  internal  fasciculus  of  the  pedunc.  cerebelli :  P.c.e,  external  fasci- 
culus of  the  same  ;  C.q.F,  tract  from  corp.  quadr.  to  format,  retic. ;  C.8.0,the  same  to  the  olivary  body ;  Thai., 
tract  from  the  thalamus  opticus. 


Vessels  of  the  med.ulla  oblongata. — Buret's  exliaustive  inves- 
tigations have  proved  that  the  medulla  gets  nearly  its  whole 
supply  of  blood  from  the  mrtehral  and  basilar  arteries,  the  lat- 
ter supplying  the  pons  portion.  Here  we  have  chiefly  to  men- 
tion small,  median  branchlets  which  pierce  into  the  raphe  be- 
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tween  the  pyramids,  and  are  given  off  by  the  art.  spin.  ant.  for 
the  bulbus  and  by  the  basilaris  for  the  pons.  They  run  up  to 
the  floor  of  the  fourth  ventricle,  and  ramify  here,  forming  a  large, 
narrow-meshed  capillary  network,  especially  round  the  gray 
nuclei.  Thus  we  see  that  they  originate  chiefly  from  the  left 
vertebral,  for  this  artery  generally  gives  off  the  art.  spinal,  ant. 
when  it  is  single,  and  when  there  are  two  anterior  spinal  arteries 
the  median  bulbar  branclilets  are  generally  derived  from  the  ant. 
spin,  sinistra.  But  besides  these,  small  vessels  pierce  the  me- 
dulla along  loitJi  the  nerve-roots,  and  run  to  the  corresponding 
nuclei,  where  they  take  part  in  the  formation  of  capillaries.  The 
olivary  bodies  and  pyramids  are  supplied  by  small  branches 
from  the  vertebral  and  anterior  spinal  arteries.  The  restiform 
bodies  receive  vessels  from  the  art.  cerebelli  infer,  post.,  whilst 
the  posterior  spinal  arteries  send  branclilets  to  the  pedunc.  cere- 
belli and  floor  of  the  fourth  ventricle. 

Most  of  these  little  vessels  are  so-called  terminal  arteries 
(Cohnheim's  '■^  Endarterien^'').  Their  ramification  produces  a 
comparatively  open-meshed  network  in  the  white  substance, 
while  in  the  gray  the  meshes  are  very  numerous  and  narrow.  It 
need  hardly  be  said  that  numerous  varieties  and  abnormalities  of 
origin  and  course  occur  amongst  these  little  vessels,  and  these 
are  of  some  importance  in  the  explanation  of  certain  clinical 
occurrences. 

There  is  notliing  special  to  be  said  of  the  veins,  and  the  lympli- 
vessels  in  the  medulla  are  quite  analogous  to  those  of  the  spinal 
cord. 

n.  Physiological  Introduction. 

Amongst  others  we  would  direct  tittention  to :  Longet,  I'Anatomie  et  physiologle 
du  systiime  nerveux.  T.  I. — Schiff,  Lehrbuch  der  Physiologic  des  Menschen. 
1.  1858-59.— 5cAroetZ«r  c.  d.  KoU%  Bau  u.  Function  der  Medulla  spin,  und 
oblong.  1859. —  Wundt,  Physiol.  Psychologic.  Leipzig.  IQIA.—Lahorde,  Dic- 
tionn.  encycl.  des  sc.  mCd.  2.  sCr.  T.  VIII.  p.  604.  1874. — Poincare,  Le  systSmo 
nerveux  central,  etc.  2me  Cdit.  T.  I.  1877. 

Besides  tli^se,  the  text-books  of  L.  Hermann,  Wundt,  Funko,  Vierordt,  etc.,  may  bo 
consulted,  and  innumerable  monographs  in  all  possible  physiological  periodi- 
cals. 
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The  physiology  of  the  medulla  oblongata  is  just  as  imperfect 
and  obscure  as  its  anatomy,  so  that  we  have  not  become  pos- 
sessed of  any  undisputed  information  on  the  most  elementary 
and  important  facts.  For  instance,  we  know  nothing  of  the  con- 
duction of  sensory  impressions,  or  of  the  exact  position  of  the 
chief  centres. 

We  are,  indeed,  acquainted  with  a  number  of  facts,  which 
teach  us  to  recognize  the  medulla  as  one  of  the  most  important 
divisions  of  the  central  nervous  system,  and  which  give  it  a 
prominent  part  in  several  all-important  physiological  processes, 
such  as  respiration,  the  cardiac  movements,  vascular  innervation, 
speech,  and  others.  But  we  have  got  little  beyond  the  confirma- 
tion of  these  facts,  and  we  are  in  especial  darkness  as  to  the 
anatomical  distribution  of  these  functions  and  their  components. 

There  are  very  good  reasons  for  all  this,  and  the  chief  of  them 
is  the  difficulty  of  experimentation.  For  the  parts  lie  so  deep 
and  are  so  well  protected,  the  slightest  injury  to  them  is  so  dan- 
gerous, the  structures  themselves  are  so  extremely  small,  they 
are  so  wonderfully  connected  in  a  complicated  manner  with  all 
possible  adjacent  structures,  and  the  white  and  gray  substances 
are  so  intimately  mixed — all  these  circumstances  are  so  many 
insurmountable  difficulties  in  the  way  of  physiological  investiga- 
tion. 

Consequently  we  must  not  claim  too  much  from  plij^siology. 
"We  should  undoubtedly  look  for  most  important  explanations 
from  careful  clinical  observation,  combined  with  accurate  post- 
mortem examination,  though  this  has  yet  been  scarcel}'"  at- 
tempted. 

In  this  state  of  things  we  can  and  must  give  the  practitioner 
only  a  very  brief  account  of  the  phj'-siology  of  the  medulla  ob- 
longata. 

We  shall  first  study  the  medulla  as  an  organ  of  conduction. 
Nobody  can  entertain  the  slightest  doubt  that  the  motor  im- 
pulses sent  from  the  cerebrum  to  the  spinal  cord,  and  the  sen- 
sory irritations  on  their  way  from  the  periphery  to  the  brain, 
must  pass  through  the  medulla  oblongata.  Further,  we  are 
justified  in  assuming  that  the  parts  of  conduction  for  several 
other  irritations,  which  pass  between  the  spinal  cord,  the  cere- 
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brum  and  cerebellum,  must  likewise  be  situated  in  tlie  medulla. 
But  the  position  of  these  has  not  yet  been  properly  demon- 
strated. 

Motor  Conduction. 

The  investigations  in  this  direction  have  gone  further  than 
anj^,  and,  indeed,  have  reached  a  certain  degree  of  completeness. 
It  is  almost  beyond  doubt  that  the  chief  patJis  of  conduction  for 
voluntary  motor  impulses  are  to  he  sought  in  the  pyramidal 
tracts  (Flechsig).  We  should  thus  have  the  chief  conductors 
for  voluntary  motions  in  the  pyramids,  in  their  inferior  decussa- 
tion, and  in  their  continuations  with  the  lateral  and  anterior 
columns.  But  it  appears  from  certain  pathological  facts  (marked 
atrophy  of  the  pyramids  without  any  motor  affection  during  life), 
that  they  are  not  the  only  conductors  for  voluntary  impulses, 
and  are  not  necessary  under  all  circumstances. 

This  function  of  chief  motor  conductor  from  the  brain  to  the  spinal  cord  has ' 
been  assigned  to  the  pyramidal  tracts  chiefly  on  the  ground  of  modern  anatomical 
and  clinical  discoveries.  From  the  latest  physiological  experiments  no  binding 
conclusions  can  be  drawn,  and  the  older  experiments  would  rather  lead  to  an 
opposite  view.  The  results,  too,  obtained  by  the  most  eminent  physiologists  are 
directly  contradictory;  one  saw  no  particular  muscular  contractions  on  irrita- 
tion, while  another  observed  convulsions ;  and  again  after  section  one  saw  no 
paralysis,  and  the  other  saw  extensive  paralysis.  According  to  Schiif  the  pyramids 
are  not  motor  conductors,  whilst  section  of  funiculi  siliqute  and  laterales  produces 
motor  paralysis.  Section  of  the  lateral  columns  (between  the  first  and  fourth  cervi- 
cal nerves  in  animals)  stops  the  respiratory  movements  of  the  same  side.  The 
uncertainty  and  contradiction  we  meet  in  the  experimental  results  are  easily  ex- 
plained by  the  difficulty  in  operating  on  the  anterior  surface  of  the  medulla,  and 
the  probable  variation  in  the  course  of  the  voluntary  impulses. 

Nothing  is  definitely  known  of  any  motor  conduction  in  the 
gro.y  substance,  except  what  can  be  determined  regarding  the 
nuclei  of  the  nerves  and  their  roots. 

The  inferior  decussation  gives  a  perfectly  satisfactory  expla- 
nation of  the  decussation  of  the  motor  conducting  tracts  on  a 
level  with  the  medulla,  a  fact  which  has  been  proved  by  numer- 
ous experiments  and  still  more  numerous  clinical  facts.  Cases 
that  have  been  observed  in  which  there  was  no  decussation  are 
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to  be  explained  by  the  non-decussation  of  the  pyramido-anterior 
tracts,  and  partly,  too,  by  the  striking  variations  tlie  occurrence 
of  which  Flechsig  has  so  clearly  proved.  The  pyramido-anterior 
tracts,  in  fact,  may  not  decussate  before  they  reach  the  cord  (in 
the  anterior  commissure) ;  it  is  further  possible  that  their  decus- 
sation has  taken  place  so  far  forward  as  the  pons,  namely  in  the 
raphe ;  thirdly,  there  is  a  possibility  of  their  undergoing  no  de- 
cussation whatsoever  ;  but  this  remains  to  be  proved.  There  are 
certainly  enough  tracts  in  the  raphe  and  the  pons  above  the 
motor  pyramidal  decussation,  which  would  all  allow  of  a  decus- 
sation of  motor  impulses. 

Longitudinal  section  of  the  decussation  of  the  pyramids  does  not  produce  a 
complete  paralysis  of  the  animal's  body ;  this  fact,  too,  argues  against  a  total 
decussation,  but  of  course  •we  cannot  directly  ti'ansfer  the  results  to  the  human 
subject.  Schiff's  experiments  seem  to  prove  that  the  decussation  of  the  tracts 
•which  supply  the  muscles  of  the  trunk,  the  lower  and  upper  extremities,  occurs  at 
successively  higher  points.  Schiffs  assumption  of  a  repeated  ("  return  ")  decussa- 
tion in  some  tracts  requires  fresh  confirmation. 

Sensory  Conduction. 

The  tracts  which  conduct  sensory  impulses  in  the  medulla 
are  still  quite  undefined.  Even  in  the  spinal  cord  we  cannot 
trace  the  chief  tracts  with  any  great  certainty,  and  in  the  me- 
dulla this  uncertainty  is  very  considerably  increased. 

On  this  point,  too,  the  physiologists  are  completely  at  vari- 
ance. According  to  Schiff  the  tracts  of  the  posterior  columns, 
which  convey  painful  impressions,  push  more  and  more  outwards, 
and  finally  come  to  lie  as  if  in  direct  continuation  of  the  lateral 
columns.  The  floor  of  the  fourth  ventricle,  he  asserts,  and  like- 
wise the  funiculi  pyramidum  and  siliqujE,  do  not  react  on  irrita- 
tion. Vulpian,  on  the  contrary,  declares  that  the  corpora  resti- 
formia  and  the  funiculi  graciles  et  cuneati,  and  also  the  floor  of 
the  fourth  ventricle,  are  all  equally  sensitive  when  irritated.  The 
results  of  section  are  quite  as  contradictory,  and  can  in  no  in- 
stance be  called  unambiguous  or  convincing. 

It  is  to  be  conjectured  that  the  pedunculi  cerebelli  convey  but 
few  sensory  impressions,  and  that  this  function  belongs  rather  to 
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the  central  gray  substance  (formatio  reticularis),  which  conveys 
them  in  all  directions,  so  that  partial  lesions  of  these  tracts  never 
produce  any  recognizable  an;esthesia — of  course  the  tracts  which 
have  decussated  in  the  spinal  cord  continue  their  further  course 
unaltered—/,  e.,  the  tracts  belonging  to  the  right  half  of  the 
ti-unk  are  situated  in  the  left  half  of  the  medulla,  and  mce  nersa. 
But  this  decussation  is  by  no  means  a  total  one,  as  experiments 
show  us,  probably  on  account  of  the  power  the  gray  substance 
has  of  conducting  in  every  direction.  If  one  side  of  the  medulla 
is  cut  through,  one  side  of  the  face  is  deprived  of  sensation  ;  this 
is  sometimes  the  same  as,  and  sometimes  the  opposite  side  to, 
the  section,  a  matter  which  seems  to  depend  on  the  position  and 
depth  of  the  section. 

Thus  our  knowledge  of  the  general  situation  of  the  sensory 
paths  amounts  to  nothing  more  than  a  series  of  conjectures.  Of 
course  we  know  nothing  whatsoever  of  the  special  tracts  for 
tactile,  temperature,  and  pain  impressions. 

The  functions  of  the  medulla  in  the  capacity  of  central  organ 
are  a  little  more  thoroughly  investigated  and  better  known.  For, 
in  addition  to  the  simple  transmission  of  impressions,  the  medulla 
can  transfer  centripetal  irritations  to  centrifugal  tracts  ;  it  can,  in 
fact,  bring  about  rejlex  functions,  and  these,  too,  of  every  kind 
and  with  every  complication.  These  appear  always  to  be  con- 
nected with  certain  definite,  more  or  less  sharply  bounded  spots, 
which  are  for  this  reason  termed  centres  of  the  several  functions. 
Thus  most  of  the  centres  are  undoubtedly  reflex  centres,  and  it 
is  only  in  the  case  of  few  that  we  can  assume,  with  any  degree  of 
probability,  that  they  can  be  thrown  into  activity  without  any 
previous  irritation  of  a  centripetal  tract,  that  they  act,  in  other 
words,  as  automatic  centres. 

In  the  first  place,  the  medulla  accomplishes  simple  or  sliglitly: 
complicated  reflex  actions,  such  as  those  that  pass  from  the 
trigeminus  in  so  many  ways  to  the  facialis  (winking  when  the 
conjunctivae  are  irritated,  wry  faces  consequent  on  strong  impres- 
sions of  taste,  secretion  of  saliva  when  the  mucous  membrane  of 
the  mouth  is  irritated,  sucking  motion,  when  we  put  a  finger  into- 
the  mouth  of  a  new-born  child,  etc.).  The  arc  of  rellection  must 
be  situated  in  the  medulla,  and  the  same  may  be  asserted  of  the 
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reflex  actions  between  all  the  other  nerves  which  liave  their  origin 
in  the  medulla. 

But  very  much  more  extensive  reflexes  take  place  in  the 
medulla.  The  so-called  general  reflexes^  or  the  transfer  of  the 
reflex  irritation  to  the  whole  muscular  system,  cannot  be  assigned 
to  any  other  part  of  the  central  nervous  system.  According  to 
Pflueger's  laws  of  reflex  action  the  medulla  oblongata  is  the  chief 
centre  of  irradiation  for  all  the  reflexes  of  every  muscle,  and 
these  are  never  brought  into  action  till  the  reflex  irritation  has 
extended  to  the  bulbus.  Ludwig  and  Owsjannikow  have  as- 
signed the  centre  of  origin  of  these  general  reflexes  to  the  region 
of  the  lateral  columns  in  the  formatio  reticularis. 

It  is  probably  the  same  point  from  which  general  convulsions 
arise  in  consequence  of  various  direct  or  reflex  irritations.  Noth- 
nagel  proposes  to  give  it  the  name  centre  of  cramps^  and  assigns 
it  to  the  level  of  the  pons  in  animals.  This  centre  for  cramps 
can  be  irritated  directly  (as  probably  occurs  in  epilepsy)  or  re- 
flexly  in  a  great  number  of  ways.  According  to  Nothnagel  the 
reflex  irritation  is  produced  with  the  greatest  certainty  from  two 
definite  points,  one  on  each  side  of  the  median  line  on  the  floor  of 
the  fourth  ventricle. 

In  the  human  subject  the  exact  situation  of  this  centre  is  not 
3'^et  known,  but  is  probably  to  be  sought  in  the  pons  portion  of 
the  medulla. 

Besides  these  we  find  in  this  organ  a  large  number  of  centres 
for  special  processes,  some  of  them,  too,  extremelj'  iinportant. 
Some  of  them  effect  very  complicated  reflexes,  which  display  a 
combination  of  definite  actions  to  accomplish  a  definite  effect. 
Actions  of  this  character  follow  one  another  in  a  perfectlj''  regular 
order,  which  has  its  origin  in  the  reflex  mechanism  and  in  the 
performance  of  certain  processes  within  it. 

These  centres  are  partly  automatic  as  well,  and  their  activity 
persists  after  all  centripetally  conducting  tracts  have  been  re- 
moved, the  probable  explanation  being  that  they  are  excited  by 
a  certain  condition  of  the  blood,  and  by  the  changes  of  the  fluid. 

The  most. important  and  best  studied  of  these  centres  are 
probably  those  which  preside  over  the  respiratory  mechanism. 
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TTie  Respiratory  Centres. 

After  Legallois  had  discovered  the  centre  of  respiration,  Flou- 
rens  endeavored  to  localize  it  more  accnrately,  and  arrived  at  the 
conclnsion  that  it  was  situated  in  a  point  not  larger  than  the 
head  of  a  pin,  exactly  in  the  middle  line  and  at  the  posterior 
angle  of  the  calamus  scriptorius.  If  this  point  be  destroyed,  res- 
piration ceases  and  life  with  it  (noeud  vital).  But  of  late  even 
Flourens  himself  admits  two  centres  of  somewhat  larger  dimen- 
sions. 

In  point  of  fact,  all  more  modern  investigations  point  to  the 
existence  of  ttoo  respiratory  centres,  one  in  each  half  of  the  me- 
dulla, situated  in  the  superior  external  portion  of  each  ala  cinerea 
and  a  little  posterior  to  the  exit  of  the  vagus.  It  is  possible  that 
the  substance  which  connects  the  two  may  regulate  the  normal 
harmony  that  exists  between  the  respiratory  motions  of  the  two 
sides  of  the  body.  Destruction  of  one  centre  only  affects  the 
respiration  of  the  same  side  of  the  body. 

Gierke  asserts  that  the  "  respiratory  centre "  is  nothing  but  the  sum  of  con- 
ducting tracts,  which  convey  the  irritations,  that  set  in  motion  the  respiratory  reflex 
from  the  trigeminus  and  vagus  to  the  motor-cells  of  the  respiratory  nerves.  They 
take  the  form  of  a  round  fasciculus  composed  of  fine  nerve-fibres,  which  runs  down 
on  both  sides  parallel  to  the  median  line,  and  is  identical  with  Krause's  respiratory 
fasciculus  mentioned  above.  So  that,  in  tlie  strict  sense  of  tlie  word,  this  is  not 
a  centre,  i.  e.,  a  central  apparatus  composed  of  ganglion-cells,  in  which  centri- 
fugal and  centripetal  tracts  enter  into  anatomical  and  function.al  connection. 
Possibly  a  "respiratory  centre"  proper  may  be  found  in  addition  to  this  respiratory 
fasciculus.  Fartlier  down,  too,  in  the  spinal  cord  there  may  exist  similar  central 
structures  for  respiration  (P.  Rokitansky),  but  they  certainly  play  nothing  more  than 
a  secondary  part,  and  can  never  come  into  action  independently.  The  same  relation 
probably  exists  between  these  centres  as  between  the  vaso-motor  centres  of  the  spinal 
cord  and  of  the  medulla. 

The  centripetal  tracts,  which  come  from  the  periphery  and 
excite  or  inhibit  the  respiratory  centre,  are  for  the  most  part 
situated  in  the  vagus.  The  centriOngal  tracts,  which  lead  from 
the  respiratory  centre,  run  down  through  the  lateral  columns  to 
the  motor  nerves  of  the  different  muscles  of  respiration. 
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As  this  is  not  the  place  for  an  accurate  account  of  the  physi- 
ology of  respiration,  we  shall  confine  ourselves  to  mentioning 
that  a  certain  amount  of  oxygen  must  be  contained  in  the  blood 
to  maintain  the  irritability  of  the  respiratory  centres ;  that, 
further,  the  oxygen  and  carbonic  acid  contained  in  the  blood 
must  be  present  in  certain  fixed  proportions  to  effect  the  irrita- 
tion of  the  centres  ;  that  the  irritation  increases  in  proportion  as 
the  quantity  of  carbonic  acid  exceeds  that  of  oxygen  ;  and  that 
the  want  of  oxygen  produces  a  greater  irritation  than  the  accu- 
mulation of  carbonic  acid.  But  the  respiratory  centre  can  also 
be  excited  reflexly  by  a  number  of  different  sensible  nerves,  such 
as  the  vagus,  trigeminus,  and  those  of  the  cutis.  We  must  add 
that  the  physiologists  consider  themselves  compelled  to  assume 
separate  centres  of  inspiration  and  expiration  (making  altogether 
four  respiratory  centres),  which  appear  in  certain  respects  to  have 
an  antagonistic  action.  But  neither  the  anatomists  nor  experi- 
mental physiologists  have  yet  been  able  to  localize  these  centres 
accurately. 

When  the  respiratory  irritation  increases,  more  muscles  are 
affected,  till  finally  general  epileptiform  convulsions  are  pro- 
duced, being  the  result  of  an  extension  of  the  irritation  within 
the  gray  substance  of  the  medulla,  as  far  as  the  cramp-centre. 

Sneezing,  coughing,  yawning,  sohMng,  and  similar  respira- 
tory (partly  in-  and  partly  expiratory)  reflex  actions,  are  also 
effected  by  the  respiratory  centres  of  the  medulla,  but  they  do 
not  originate  in  the  same  sensory  tracts  as  the  simple  movements 
of  respiration.  All  these  processes  probably  have  their  own  spe- 
cial mechanisms,  but  the  anatomical  structure  of  these  is  quite 
unknown. 

Laugliing  and  weeping  belong  to  the  same  category  of  reflex 
actions,  but  they  are  distinguished  by  their  combination  with 
mimic  and  secretory  reflexes. 

Centres  for  the  Cardiac  Movements. 

Although  highly  probable,  it  is  not  certain  whether  the  me- 
dulla possesses  a  centre  of  acceleration  of  the  action  of  the  heart; 
its  position  is,  of  course,  unknown. 
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On  the  other  hand,  tlie  excitement  of  the  inMhitory  fihres  of 
the  vagus  is  generally  assigned  to  a  centre  in  the  medulla,  thougli 
the  position  of  this  centre  is  equally  unknown.  This  "inhibitory 
centre  for  the  action  of  the  heart "  seems  also  susceptible  of  auto- 
matic and  reflex  irritation. 

Centres  of  Speech. 

The  most  important  centre  for  voice,  for  the  origination  of 
tones,  is  undoubtedly  situated  in  the  bulbar  portion  of  the  me- 
dulla. For,  after  the  pons  has  been  divided  from  the  bulbus, 
reflex  crying  may  still  be  produced.  By  this  process  the  respir- 
atory centres  and  the  motor  tracts  of  the  accessorius  (supplying 
the  larynx)  are  brought  into  action.  Kussmaul  (Apj)endix  to 
Vol.  XIV.  of  this  Cycl.,  p.  650)  gives  this  centre  tlie  name  of 
hasal pJionic  centre^  and  considers  it  indispensable  for  the  con- 
struction of  articulated  sounds.  It  is  situated  probably  close 
to  the  centres  of  respiration. 

Exactly  the  same  may  be  said  of  the  chief  centre  of  articula- 
tion, i.  e.,  the  structure  which  controls  the  complicated  muscular 
actions  necessary  to  transform  simple  tones  into  articulate 
vowels  and  consonants.  The  glossopharyngeus,  accessorius, 
hypoglossus,  facialis,  and  trigeminus,  all  take  part  in  the  pro- 
duction of  articulate  sounds,  undoubtedly  a  matter  of  extremely 
tine,  complicated  and  carefully  combined  movements. 

The  anatomical  fact  that  all  these  nerves  and  their  nuclei  lie 
so  close  together  gives  weight  to  the  assumption  that  the  most 
important  centre,  at  least  for  the  articulation  of  letters,  is  situ- 
ated in  the  medulla.  And  this  view  is  further  strengthened  by 
numerous  pathological  facts,  which  show  that  diseases  of  the 
bulbus,  and  especially  degeneration  of  the  nuclei  of  its  nerves, 
are  particularly  destructive  to  the  faculty  of  speech  (progressive 
bulbar  paralysis).  There  is,  however,  a  slight  uncertainty  in  the 
case,  as  these  muscles  of  articulation  are  always  positively  para- 
lyzed in  bulbar  paralysis,  so  that  we  are  not  fully  entitled  to 
assume  any  actual  disturbance  of  co-ordination.  It  is  further 
quite  possible  that  the  real  centre  of  articulation  lies  higher  up 
in  the  cerebrum  or  cerebellum,  and  that  its  centrifugal  tracts 
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only  pass  through  the  medulla,  or  only  set  in  motion  a  series  of 
secondary  medullary  centres.  We  have,  indeed,  a  parallel  for 
this  in  the  co-ordinate  movements  of  the  extremities  where  this 
process  occurs  farther  down  in  the  gray  substance  of  the  spinal 
cord.  Certainly  the  centres  for  the  combination  of  letters  to 
syllables  and  syllables  to  words  are  situated  anteriorly  to  the 
medulla. 

Nothing  is  known  as  to  tlie  position  of  this  hypothetical  centre  of  articulation 
in  the  medulla.  Schroeder  van  der  Kolk  Avrongly  assigned  it  to  the  olivary 
bodies,  but  his  view  is  now  rejected  by  every  one.  Jaccoud  tried  to  find  it  in  the 
bulbo-cerebellar  commissural  system,  in  the  olivo-peduncular  region,  etc. ;  but  we 
cannot  accept  this  proposition  either.  It  is  more  to  the  point  to  say  that  this  centre 
has  not  yet  been  discovered. 


Centre  of  Deglutition. 

Swallowing  is  a  reflex  act  that  is  performed  entirely  by  mus- 
cles the  nervous  supply  of  which  originates  in  the  medulla.  It 
is,  in  fact,  a  combined  act  of  the  hypogiossus,  facialis,  glosso- 
pharyngeus,  vagus,  accessorius,  and  trigeminus.  Consequently 
the  centre  of  deglutition  has  been  assigned  to  the  medulla,  an 
assumption  which  is  well  borne  out  by  experimental  and  clinical 
facts.  But  it  has  not  been  further  localized,  nor  do  we  know 
anything  of  its  connections. 

According  to  Schiff,  too,  t\\e  centre  of  wmiting  is,  situated  in 
the  medulla,  but  nothing  further  is  known  about  it.  Schiff  like- 
wise asserts  that  the  contractions  of  the  abdominal  muscles  in 
defecation  are  co-ordinated  and  brought  into  action  by  a  centre 
in  the  medulla. 

We  can  hardly  assume  a  special  refex  centre  for  the  masti- 
catory movevients,  as  mastication  cannot  properly  be  regarded 
as  a  reflex  action.  It  is,  in  fact,  only  the  co-ordination  of  cer- 
tain motor  impulses  in  order  to  accomplish  a  definite  compli- 
cated process  ;  the  centre  of  co-ordination  which  serves  this  pur- 
pose is  by  no  means  necessarily  situated  in  the  medulla.  At  the 
same  time,  however,  it  is  easy  to  comprehend  that  disease  of  the 
motor  tracts  in  the  medulla  which  are  involved  (nucleus  of  tri- 
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geminus,  hypoglossus.  etc.)  might  impair  the  masticatory  powers 
to  a  great  extent. 

Vaso -motor  Centre. 

Ludwig  and  Thiry  demonstrated  a  centre  in  the  medulla 
which  can  throw  all  the  arteries  of  the  body  into  contraction ; 
and  section  of  the  cervical  portion  of  the  cord  inferioiiy  to  the 
medulla  paralyzes  and  dilates  all  the  arteries.  Later  investiga- 
tions, however  (Goltz,  Vulpian,  Sclilesinger,  M,  Wussbaum,  and 
others),  prove  beyond  doubt  that,  even  if  this  is  the  principal  one, 
it  is  still  not  the  only  vaso-motor  centre  ;  and  further,  that  other 
secondary  centres  exist  in  the  gray  substance  of  the  spinal  cord, 
as  far  down  as  the  lumbar  portion.  The  spinal  centres  are  situated 
one  above  the  other  through  the  whole  cord,  and  appear  depen- 
dent, in  the  first  instance,  upon  the  principal  medullary  centre. 
When  this  latter  is  removed,  the  spinal  centres  come  into  action 
(but  only  gradually),  and  regain  their  influence  over  the  vessels. 

Owsjannikow  and  Dittmar  have  defined  the  position  of  the 
vaso-motor  centre  in  the  medulla  more  accurately.  They  found 
it,  in  the  rabbit,  between  the  corpora  quadrigemina  and  calamus 
scriptorius,  somewhat  removed  from  the  middle  line,  in  the  late- 
ral columnar  tract  of  the  formatio  reticularis.  The  nerves  for 
vascular  contraction  which  leave  it  are  said  to  run  down  through 
the  lateral  columns  to  the  anterior  nerve-roots  (Dittmar). 

In  addition,  centripetal  fibres  ascend  to  this  centre,  which 
produce  a  reflex  contraction  of  the  vessels ;  these,  too,  are  said 
to  lie  in  the  lateral  columns. 

In  conclusion,  this  centre  can  be  excited  or  depressed  by  some 
parts  of  the  cerebrum  (irritation  of  the  pedunculi,  blushing  or 
pallor  resulting  from  mental  impressions). 

The  latest  investigations  on  the  subject  of  vaso-motor  nerves 
compel  us  to  assume  the  existence  of  nerves  which  directly  dilate 
the  vessels.  For  these,  too,  a  centre  has  been  assumed  in  the 
medulla. 
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Nutritive  Centres  for  Certain  Nervous  Regions. 

It  seems  probable  that  the  gray  nuclei  of  the  motor  medullary 
nerves  have  a  nutritive  effect  upon  their  nerves  and  appertaining 
muscles,  very  similar  to  that  which  tlie  large  multipolar  cells  of 
the  anterior  cornua  of  the  cord  exercise  over  the  nervo-muscular 
regions  dependent  on  them.  As  may  be  seen  in  bulbar  paral^^sis, 
degeneration  and  destruction  of  these  cells  produce  granular 
atrophy  of  the  lingual,  labial,  faucial,  and  pharyngeal  muscles. 

Different  clinical  and  experimental  facts  have  led  some  to  the 
hypothetical  assumption  of  certain  centres  in  the  brain  for  the 
regulation  of  the  temperature  of  the  body.  Should  these  really 
exist,  vre  should  seek  them  also  in  the  medulla. 

Centres  for  Certain  Secretions. 

To  Claude  Bernard  we  owe  the  important  discovery  that  the 
secretion  of  urine,  and  certain  nutritive  processes,  can  be  influ- 
enced by  irritation  of  the  floor  of  the  fourth  ventricle. 

If  we  merely  pierce  the  floor  with  a  needle,  half-way  between 
the  origins  of  vagus  and  acusticus,  it  suffices  to  produce  a  dia- 
betes mellitus.  If  the  needle  pierces  at  another  point,  closer  to 
the  acoustic,  it  produces  a  simple  polyuria  (diabetes  insipidus). 
And,  besides  this,  we  can  frequently  succeed  in  producing  albu- 
minuria by  irritation  of  a  point  between  these  two. 

In  spite  of  numerous  investigations,  we  are  still  in  uncertainty 
as  to  the  manner  in  which  this  takes  place,  and  as  to  the  mech- 
anism and  anatomical  structures  which  bring  it  about.  Claude 
Bernard  conjectured  that  there  was  a  nervous  centre  in  the  me- 
dulla wliich  controlled  the  formation  of  sugar  in  the  liver.  But 
his  view  has  met  with  many  opponents,  and  most  physiologists 
now  incline  to  the  explanation  of  this  artificial  diabetes  by  vaso- 
motor influences.  This  view  is  supported  by  the  fact  that  irrita- 
tion of  surrounding  parts  produces  only  an  increased  secretion 
of  urine,  unaccompanied  by  any  secretion  of  sugar.  But  the 
question  has  not  yet  been  definitely  settled. 

Irritation  of  the  anterior  portion  of  the  rhomboid  sinus,  close 
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to  tlie  nucleus  of  tlie  abducens,  produces  an  active  salivation  on 
the  same  side  as  the  lesion.  The  secretion  is  continuous  and 
abundant.  It  is,  perhaps,  produced  reflexly  by  irritation  of 
some  branches  of  the  trigeminus.  Possibly,  however,  it  is  a  di- 
rect irritation  of  the  secretion,  with  or  without  the  intervention 
of  vaso-motor  processes.  Gruetzner's  experiments  go  to  prove 
the  existence  of  a  centre  of  salivatio7b  in  the  medulla,  which  con- 
trols both  the  fibres  of  the  chorda  tympani,  going  to  the  salivaiy 
glands,  and  the  fibres  of  the  sympathetic.  And  this  centre,  when 
directly  or  refiexly  irritated,  produces  active  salivation. 

From  all  the  details  given  in  the  preceding  pages  we  can  at 
least  conclude  that  a  great  number  of  the  most  important  phy- 
siological functions  are  united  in  the  medulla.  This  very  fact 
compels  us  to  admit  the  extraordinary  entangled  and  compli- 
cated course  of  the  fibres,  to  which  we  so  frequently  drew  atten- 
tion. 


III.  Diseases  of  the  Medulla  Oblongata, 
Introduction. 

The  pathology  of  the  medulla  oblongata  is  still  in  the  first 
stage  of  its  development.  The  material  for  study  is  relatively 
scarce,  quite  unsifted,  and  in  great  need  of  farther  enlargement ; 
and  the  only  way  we  can  hope  to  enlarge  it  is  by  taking  all  the 
modern  points  of  view,  and  devoting  ourselves  to  a  careful  clini- 
cal study  of  the  cases,  and  more  especially  to  accurate  anatomical 
investigations. 

As  might  be  conjectured  from  its  anatomy,  the  patholog}'-  of 
the  medulla  resembles,  in  some  points,  that  of  the  cerebrum,  and 
in  others  that  of  the  spinal  cord,  so  that  diseases  which  are  proper 
to  each  occur  in  the  medulla.  This  gives  the  medullary  pathol- 
ogy a  very  varied  character.  But,  on  the  other  hand,  it  is  sim- 
plified, as  we  can,  in  many  cases,  merely  refer  to  the  cerebral  and 
spinal  diseases,  which  have  in  great  part  been  very  much  better 
investigated.  Some  cases — for  instance,  meningitis  of  the  me- 
dulla— we  can  pass  over  unmentioned  on  this  account. 
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As  yet  we  are  acquainted  with  almost  nothing  but  symp- 
tomatic forms  of  disease  in  the  medulla.  Our  knowledge  was 
most  extensive  on  the  subject  of  chronic  progressim  hulhar 
paralysis,  which  had  been  made  known  by  Duchenne's  investi- 
gations. Gradually  we  became  acquainted  with  the  character- 
istic symptoms  of  an  acute  apoplectic  bulbar  paralysis.  And 
soon  all  chronic  diseases  of  the  medulla  that  resulted  in  paral- 
ysis were  included  under  the  first  head,  and  all  the  acute  forms 
were  regarded  as  apoplectic. 

But  further  observation  rendered  matters  more  clear,  and  we 
can  already  distinguish  several  different  forms  that  have  been 
classed  together  under  both  of  these  heads,  and  we  are  probably 
in  a  position  now  to  draw  anatomical  and  clinical  distinctions 
between  these  forms. 

In  the  following  pages  we  have  endeavored  to  draw  these 
clinical  and  pathologico-anatomical  distinctions.  At  the  same 
time  we  are  fully  conscious  that  there  are  many  shortcomings 
and  gaps,  and  that  the  material  at  our  disposition  is  very  much 
too  small,  and  in  particular  too  inaccurate,  to  give  us,  as  yet,  a 
sure  footing  on  this  ground. 

The  classification  we  have  adopted  must  consequently  only 
be  regarded  as  a  temporary  diagram,  to  contain,  for  the  present, 
the  forms  of  disease  with  which  we  are  acquainted.  We  shall 
first  discuss  the  quantitative  changes  of  blood  in  the  medulla,  its 
hemorrhages,  and  the  obstruction  of  its  vessels ;  secondly,  the 
results  of  acute  and  chronic  mechanical  lesions — acute  wounds 
and  slow  compression  ;  thirdly,  acute  inflammation  of  the  bul- 
bus  ;  fourthly,  chronic  (inflammational)  bulbar  degeneration,  first 
described  by  Duchenne ;  then  the  other  chronic  and  inflamma- 
tional diseases  of  the  medulla ;  and,  finally,  the  neoplasmata 
which  occur  in  its  substance. 

We  must  urgently  crave  the  reader's  indulgence  for  all  the 
imperfections  and  defects  contained  in  the  following  description. 
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1.  Hypercemia  and  Hemorrliage  of  tJie  Medulla  Oblongata. — 
Apoplexia  Medulla,  Oblongatce. 

Ollivier  (d' Angers),  Trait(S  des  rnal.  de  la  moelle  Cpinicire.  3nie  6d.  11.  p.  138-167. 
1837. — Mesnet,  Apoplexie  du  bulbe  rhachid.  dans  aa  partie  super,  etc.  Arch. 
g6n.  1861.  Sept.  Monit.  des  Sc.  mdd.  1801.  No.  94. — Potain,  Paralysie  gen6r. 
incomplete  ;  polyurie ;  apoplex.  foudroyante ;  ramollissement  ancien,  h6mor- 
rhagie  de  la  protuberance.  Gaz.  d.  hop.  1862.  No.  93. — Levier,  Beitr.  zur 
Pathol,  der  Kiickenmarksapoplexie.  Dissertation.  Bern,  1864. — Demos,  Cas 
d'hemorrhagie  de  la  protub.  annul,  avec  albuminuric,  etc.  Union  mSd.  1869. 
No.  30. —  Wilks,  Labio-glosso-laryngeal  Paralysis.  Guy's  Hosp.  Reports.  XV.  p. 
2-17.  1870. — HugMings  Jackson,  On  a  Case  of  Paral.  of  the  Tongue  from  Hem- 
orrhage in  the  Medulla  Oblong.  Lancet,  1872.  Nov.  30.  p.  770.  —  Dutrait, 
Hemorrh.  sous  le  plancher  du  4  ventricle;  albuminuric,  glycosmie.  Lyon  m6d. 
1875.  No.  45. —  G.  Broione,  Hemorrh.  into  the  Pons  Varolii.  Lancet,  1875. 
Feb.  6. — Leyden,  Klinik  der  Riickenmarkskrankheiten.  H.  p.  63.  1875. — M. 
Rosenthal,  Trait6  des  maladies  du  syst.  nerveux.  p.  249.  1878. — Lichtheim. 
Ueber  apoplektiforme  Bulbarparalyse,  etc.  Deutsches  Arch.  f.  klin.  Med.  XVIH. 
1876. 

Pathogenesis  and  Etiology. 

Hypercemia  strictly  limited  to  the  medulla  must  be  an  ex- 
tremely rare  occurrence,  and  there  is  reasonable  doubt  as  to 
whether  such  a  case  has  ever  been  diagnosed  with  certainty,  and 
a  real  pathological  change  ascertained.  We  are  not  justified 
here  In  adducing  the  capillary  dilatations,  which  are  so  fre- 
quently found  in  the  medulla,  and  which  are  always  followed 
by  hypersemia. 

In  the  great  majority  of  cases  hypersemia  of  the  medulla  is 
nothing  more  than  part  of  a  general  Jiypercemia  of  tlie  drain  or 
spinal  cord,  for  the  medulla  is  most  intimately  connected  with 
these  in  regard  to  its  vascular  supply.  So  that  in  every  case  of 
general  cerebral  hypersemia,  whether  primary  or  secondary 
(eclampsia,  tetanus,  mental  and  meningitic  diseases),  the  me- 
dulla will  be  found  in  the  same  condition. 

Naturally  the  same  etiological  and  pathogenetic  conditions, 
as  those  that  were  given  at  length  in  Volume  XII.,  when  treat- 
ing of  cerebral  hypersemia,  retain  their  force  in  the  medulla. 
We  have  partly  to  deal  with  active  inflammational  hypercemia, 
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resulting  from  hypertrophy  and  increased  action  of  the  heart, 
or  from  vaso-motor  disturbances,  from  collateral  congestive  in- 
flammation, and  from  certain  poisons,  exposure  to  the  sun,  or 
excessive  mental  activity,  etc.  But,  on  the  other  hand,  it  may 
be  the  result  of  passive  stagnation  consequent  on  cardiac  and 
pulmonary  disease — for  instance,  hindrance  to  the  current  in  the 
jugular  veins,  or  violent  expiratory  exertions  (coughing,  strain- 
ing, vomiting,  etc.). 

We  need  only  say  here  that  all  these  matters  are  to  be  re- 
garded as  paving  the  way  for  hemorrhage  in  the  medulla,  and 
under  certain  conditions  they  actually  produce  it  themselves. 

All  that  Nothnagel  has  said,  in  his  exhaustive  and  lucid  trea- 
tise on  cerebral  hemorrhage,  is  equally  applicable  to  rupture  in 
the  medulla.  In  regard  to  hemorrhage  the  medulla  is  more 
closely  related  to  the  brain  than  to  the  spinal  cord,  i.  e.,  hemor- 
rhage is  much  more  frequent  in  the  medulla  than  in  the  cord ; 
and  further,  the  frequency  is  greater  in  the  cerebral  than  in  the 
spinal  end  of  the  medulla,  so  that  the  great  majority  of  apo- 
plexies are  found  in  the  pons  division.  This  fact  alone  renders 
it  difficult  to  draw  a  sharp  line  between  hemorrhage  in  the  pons 
and  in  the  medulla. 

On  the  whole,  rupture  of  a  vessel  is  a  rare  occurrence  in  the 
medulla.  As  regards  its  pathogenesis  we  may  pass  it  over  with  a 
few  words,  and  refer  the  reader  for  details  to  Nothnagel' s  treatise. 

Undoubtedly  the  most  important  pathogenetic  principle  is 
disease  of  the  vessels  (miliary  aneurisms,  such  as  Heschl  de- 
scribes in  the  pons,  atheroma,  fatty  degeneration,  capillary  dila- 
tation, resulting  from  processes  of  softening  so  clearly  demon- 
strated by  Grerhardt').  We  find  extremely  frequent  cases  of 
atheroma  and  aneurisms  of  the  basilar  artery  accompanied  by 
hemorrhage  from  its  small  branches  in  medulla  and  pons. 

Increase  of  arterial  tension  plays  a  prominent  part  in  con- 
nection with  these  diseases  of  the  vessels  themselves ;  but  even 
without  the  latter  the  rise  of  the  blood-pressure  alone  can  often 
produce  hemorrhage.  The  same  result  is  seldoin  produced  by  an 
increased  tension  in  the  mins  from  stagnation  of  their  blood. 


'  Jenaische  Zeitschrift  f.  Med.  und  Naturw.  I.  1864. 
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Under  the  head  of  Hemorrhage  from  Excessive  Tension  may  be 
brought  the  cases  caused  by  cardiac  palpitation,  by  great  excite- 
ment, fits  of  passion,  physical  overexertion,  and  by  excessive 
indulgence  in  alcohol. 

Some  diseases  of  the  surrounding  parts,  which  not  infre- 
quently lead  to  hemorrhage  of  varying  extent,  seem  to  act  in 
two  ways,  /.  e.,  by  impairing  the  walls  of  the  vessels  and  by 
raising  the  collateral  blood-pressure.  To  this  class  belong  caries 
of  the  cervical  vertebrae,  purulent  basilar  meningitis,  and  tumors 
in  or  around  the  medulla,  etc. 

In  addition  to  this,  hemorrhage,  in  greater  or  smaller  degree,  is 
frequently  produced  traumatically  through  injuries  to  the  skull 
and  back  of  the  neck,  though  we  can  often  recognize  no  direct, 
palpable  lesion  in  these  parts.  Westphal  produced  capillary 
hemorrhage  in  the  medulla  of  the  guinea-pig  by  light  blows  of  a 
hammer  on  the  head.  We  can  imagine  something  analogous  to 
this  occurring  to  the  human  subject. 

In  conclusion  it  may  be  remarked,  that  in  extensive  cerebral 
hemorrhage,  which  breaks  through  into  the  ventricles,  or  in  ex- 
tended rupture  in  the  meninges  (e.  g.,  the  rupture  of  an  aneu- 
rism), the  fourth  ventricle  is  often  filled  with  blood,  and  to  this 
may  be  attributed  some  of  the  symptoms  that  occur  in  such 
cases. 

Pathological  Anatomy. 

As  hypercemia  of  tlie  medulla  is  characterized  by  the  same 
anatomical  appearances  as  cerebral  hyperaemia  in  general,  we 
need  give  no  special  description  of  it. 

Nor  can  we  draw  the  slightest  distinction  between  the  apo- 
plectic clots  in  the  medulla  and  those  in  the  brain,  either  as 
regards  their  appearance,  the  changes  they  go  through,  or  the 
condition  of  the  surrounding  parts.  Fresh  hemorrhage  looks 
like  a  dark-red  coagulum,  and  is  often  half  fluid  towards  its 
centre.  This  very  soon  changes  into  a  semi-solid,  chocolate- 
colored  mass,  which  gradually  assumes  a  lighter  color,  and  is 
partly  absorbed.  The  last  stage  consists  either  in  a  rusty,  con- 
tracted scar,  or  in  a  small  cyst,  with  a  wall  of  dense  cicatricial 
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tissue,  with  fine  threads  of  connective  tissue  passing  through  it, 
and  filled  with  a  cloudy,  yellow  fluid.  In  due  course  we  observe 
the  development  of  a  secondary  degeneration,  which  can  be 
either  unilateral  or  bilateral,  according  to  the  seat  of  hemor- 
rhage ;  and  this  degeneration  we  can  trace  to  some  distance 
down  the  spinal  cord. 

The  size  of  these  ruptures  is  usually  very  insignificant.  Their 
sliape  is  roundish,  or  resembles  an  olive  or  bean,  but  frequentlj>- 
it  is  quite  irregular.  Near  the  median  line  we  often  meet  with 
small  triangular  spots  of  hemorrhage,  with  the  apex  pointing 
forwards,  and  the  base  towards  the  floor  of  the  fourth  ventricle, 
thus  corresponding  pretty  closely  in  extent  with  the  territory  of 
a  median  bulbar  artery  (hemorrhagic  infarct  ?).  As  regards  their 
situation,  these  ruptures  can  occur  at  any  point  in  the  whole 
medulla.  If  they  occur  near  the  floor  of  the  fourth  ventricle, 
they  have  a  tendency  to  pierce  through  it,  and  then  we  find  a 
coagulum  of  greater  or  less  dimensions  in  this  cavity.  We  sel- 
dom meet  with  more  than  a  single  rupture,  but  occasionally 
there  are  several  together.  OUivier  describes  cases  of  from  three 
to  six  hemorrhagic  points  in  the  medulla. 

In  the  medulla  alone  these  eifusions  of  blood  seldom  attain 
to  any  great  size,  though  they  are  frequently  very  large  when 
the  pons  is  simultaneously  attacked.  In  cases  of  the  latter  class 
we  often  see  undefined  cystic  masses,  as  large  as  a  walnut  or  an 
egg,  running  through  the  pons  and  medulla,  usually  piercing 
into  the  fourth  ventricle,  and  filling  it  with  a  large  clot. 

Capillary  liemorrliage  occurs,  too,  occasionally  in  the  me- 
dulla, in  the  same  characteristic  form  as  in  the  cerebrum,  and 
with  just  the  same  accompanying  or  causal  circumstances. 

Symptoms. 

Very  little  is  known  of  the  symptoms  of  an  inflammational 
JiypercBmia  in  the  medulla.  It  is  perhaps  allowable  to  refer 
some  of  the  symptoms  of  general  cerebral  hyperemia  (dyspnoea, 
slow  pulse,  vomiting,  general  convulsions,  certain  defects  of 
speech,  etc.)  to  congestion  of  the  medulla,  but  this  is  only  hypo- 
thetical.   The  same,  too,  may  be  said  of  the  assumption  that 
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certain  initial  symptom?  of  acute  bulbar  disease  (pains  in  the 
head  and  back  of  the  neck,  spasms  in  the  face  and  tongue, 
formication,  etc.)  are  to  be  attributed  to  hyperaemia  in  the 
medulla.  This  assumption  is  quite  arbitrary,  and  no  proofs 
have  been  adduced  for  it. 

In  the  case  of  hypevamia  from  stagnation,  we  possess  some  experimental  investi- 
gations made  by  Landois,  Hermann,  and  Escher.  These  prove  that  retardation  of 
the  pulse  and  dyspnoea  (irritation  of  the  vagus  and  respiratory  centres),  likewise 
contraction  of  the  vessels  (irritation  of  the  vascular  centre),  and,  finally,  general 
convulsions  (irritation  of  the  cramp  centre),  all  result  from  intense  venous  stagna- 
tion. All  there  symptoms,  without  doubt,  originate  in  the  medulla,  and  we  are 
forced  to  believe  that  something  similar  takes  place  occasionally  in  the  human  ■ 
subject. 

Our  knowledge  of  the  symptoms  of  hemorrhage  in  the  me- 
dulla is  more  extensive,  and  rests  upon  a  greater  number  of 
observations. 

Hemorrhage  in  this  organ,  even  of  inconsiderable  extent,  is 
always  to  be  regarded  as  extremely  dangerous,  commencing  gen- 
erally with  the  most  alarming  symptoms,  and  not  infrequently 
causing  instant  death. 

It  is,  in  fact,  these  tempestuous  apoplexies  (apoplexie  fou- 
di'oyante),  from  which  death  results  in  a  few  minutes  or  hours, 
accompanied  by  signs  of  failure  of  respiration  or  circulation, 
that  belong  usually  to  the  medulla  or  pons.  The  patients  fall 
down  with  a  cry  or  in  epileptiform  convulsions,  and  die  instan- 
taneously. 

Further,  we  know  that  large  effusions  of  blood  into  the  hemi- 
spheres and  ganglia  of  the  base,  if  they  reach  the  fourth  ventri- 
cle, and  irritate  and  compress  the  medulla,  very  quickly  produce 
death,  accompanied  by  symptoms  of  vomiting  and  convulsions, 
along  with  deep  coma  and  complete  general  paralysis. 

But  slight  hemorrhage  in  the  medulla,  too,  generally  pro- 
duces immediately  symptoms  of  an  alarming  and  very  threaten- 
ing nature — symptoms  which  come  more  quickly  and  are  more 
grave  the  nearer  the  effusion  is  to  the  centres  of  respiration,  or 
when  it  affects  these  directly.  In  the  latter  case  instant  death 
may  ensue,  and,  consequently,  medical  men  are  seldom  called  in 
for  consultation  or  to  treat  the  case. 
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Our  principal  interest  is  consequently  attached  to  those  cases 
in  which  the  patient  lives  on  for  at  least  some  hours  or  days,  or 
in  which  a  partial  recovery  takes  place,  and  the  sufferer  enjoys 
a  somewhat  longer  existence,  though  one  that  is  always  very 
materially  impaired. 

Ill  such  cases  the  patients  utter  a  loud  cry,  or  are  attacked 
by  buzzing  in  the  ears,  dizziness,  sudden  headache,  vomiting,  or 
convulsive  spasms  of  the  body,  and  then  follows,  very  quickly  in 
general,  an  apoplectic  attack — i.  e.,  they  fall  down  unconscious, 
and  sink  into  a  more  or  less  deep  coma.  Motor  and  sensor}^ 
paralyses  characterize  this,  as  well  as  all  other  apoplexies.  But 
we  may  localize  them  often  in  the  medulla— on  the  one  hand, 
from  their  extent  and  combination,  and,  on  the  other  hand,  from 
their  almost  unexceptional  complication  with  a  large  number  of 
characteristic  symptoms,  the  origin  of  which  has  been  referred, 
with  a  certain  amount  of  probability,  to  the  same  organ. 

The  motor  paralysis  assumes  very  various  dimensions,  some- 
times attacking  only  the  lower  extremities,  sometimes  only  the 
upper  ;  at  other  times  it  takes  a  hemiplegic  character,  though 
this  is  only  when  the  hemorrhage  is  extremely  small,  and  then  it 
is  usually  a  decussating  paralysis  of  the  extremities ;  but  in 
most  cases  all  four  extremities  are  either  completely  or  partially 
paralyzed,  which  is  very  characteristic,  because  it  is  hard  to  find 
any  point  in  the  brain  where  all  the  motor  tracts  of  the  body  can 
be  affected  simultaneously  by  an  effusion  of  blood. 

Accompan3ang  this  paralysis  of  the  extremities,  we  alwaj'^s 
find  some  of  the  bulbar  nerves  more  or  less  completely  par- 
alyzed, usually  the  hypoglossus,  accessorius,  facialis,  and  tri- 
geminus ;  sometimes,  too,  the  nerves  of  the  orbit.  These  paraly- 
ses also  occur  on  one  or  both  sides.  If  we  have  a  hemiplegia, 
(an  effusion  into  one  side  of  the  medulla),  the  most  characteristic 
symj)tom  is  that  the  paralysis  of  the  bulbar  nerves,  caused  by 
injury  to  its  nuclei  and  root-fascicles,  occurs  on  the  same  side  as 
the  hemorrhage,  while  the  hemiplegia  of  the  extremities  occupies 
the  opposite  side  of  the  body,  owing  to  the  decussation  that 
takes  place  at  a  point  inferior  to  the  lesion.  We  thus  get  all 
the  characteristics  of  a  hemiplegia  alternans,  with  the  extremities 
paralyzed  on  one  side,  and  the  facial  muscles  (in  certain  cases 
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this  applies  as  well  to  tlie  tongue,  tlie  nmscles  of  mastication, 
and  to  the  abdncens)  paralyzed  on  the  opposite  side  of  the  body. 
The  above-mentioned  nerves  are  affected  in  greater  or  less  num- 
ber, according  to  the  location  of  the  hemorrhage. 

The  paralysis  of  sensation  follows  the  same  rules  as  that  of 
motion,  only  that  it  is  on  the  whole  not  so  well  developed.  In 
severe  cases,  when  all  four  extremities  are  paralyzed,  it  is  gener- 
ally impossible  to  ascertain  anything  about  the  condition  of  sen- 
sation on  account  of  the  coma  in  which  the  patients  lie.  If  it  is 
a  case  of  motor  hemiplegia,  we  may  assume  that  the  sensation 
decussates  as  well ;  but  still,  owing  to  the  peculiar  course  of  the 
sensory  fibres  in  the  medulla,  we  can  hardly  expect  a  sharply- 
defined  aniBsthesia.  This,  of  course,  depends  altogether  upon  the 
extent  of  the  efllusion  in  transverse  section.  It  would  be  ex- 
tremely interesting  to  investigate  accurately  the  condition  of 
sensation  on  both  sides  of  the  head  and  face  in  such  cases  of 
apoplectic  hemiplegia.  For  a  priori  we  should  anticipate  an 
alteration  in  the  conditions  dominant  here,  such  as  a  simultane- 
ous, a  decussating,  or  even  a  bilateral  ansesthesia,  always  pro- 
vided the  so-called  ascending  root  of  the  trigeminus  contains  the 
sensory  tract  for  the  same  side  of  the  head  and  face. 

Respiratory  disturdances,  as  they  are  most  threatening  to  the 
life  of  the  patient,  may  be  regarded  as  the  most  important  of 
the  symptoms  produced  by  a  bulbar  lesion,  and  they  are  at  the 
same  time  very  characteristic  of  such  lesion.  If  fatal  asphyxia 
does  not  at  once  ensue,  still  the  respiration  is  always  greatly  im- 
paired ;  it  becomes  irregular,  stertorous,  often  intermittent,  and 
accompanied  with  the  greatest  dyspnoea ;  the  Cheyne-Stokes  phe- 
nomenon is  frequently  observed ;  the  respiratory  process  then 
grows  more  and  more  encumbered  and  paralytic,  till  at  last  death 
results  from  asphyxia.  It  is  only  in  comparatively  mild  cases 
that  the  respiration  can  recover,  or  is  not  at  all  affected.  But 
even  in  cases  which  commence  as  hemiplegia,  the  hemorrhage 
generally  extends  and  causes  further  mischief. 

Alterations  in  the  action  of  tlie  lieart  are  generally  less 
prominent.  But  in  every  severe  case  we  unfailingly  meet  with 
an  enormously  rapid  pulse,  which  is  frequently  irregular  and 
intermittent,  and  the  paralysis  of  the  cardiac  action  runs  a  paral- 
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lei  course  with  the  increasing  asphyxia.  In  the  cases  that  have 
hitherto  been  described,  very  little  is  noted  of  'vasomotor  changes, 
unilateral  or  bilateral  rise  of  temperature  in  the  skin,  such  as  we 
might  expect  with  certainty,  especially  in  the  period  immediately 
succeeding  the  hemorrhage. 

Great  importance  attaches  to  the  epileptiform  conmilsions 
which  accompany  hemorrhage  in  the  pons  and  medulla.  They 
are  often  among  the  earliest  sj'^mptoms,  but  they  may  be  repeated 
in  the  first  few  days,  and  even  later,  assuming  the  most  violent 
character.  A  tonic  rigor  has  been  often  described  in  the  ex- 
tremities, of  variable  duration  and  frequent  recurrence. 

Disturhances  of  speech  and  deglutition^  and  unilateral  and 
bilateral  paralysis  of  the  soft  palate  result  naturally  from  the 
participation  of  the  bulbar  nerves  in  the  paralysis.  The  same 
may  be  said  of  aural  troubles,  such  as  deafness  and  buzzing  in  the 
ears,  which  will  probably  be  more  frequently  detected  now  that 
our  attention  has  been  directed  to  them.  Vomiting  of  frequent 
recurrence,  and  a  continuous  troublesome  singultus,  which  have 
often  been  observed,  may  be  explained  in  the  same  natural  way 
by  an  irritation  of  their  centres  in  the  medulla. 

Potain,  in  a  case  recorded  several  years  ago,  describes  the 
occurrence  ol  polyuria.  Dutrait  found  both  sugar  and  albumen 
in  the  urine,  but  his  case  proves  nothing,  as  both  these  sub- 
stances were  found  before  the  hemorrhage  as  well  as  after.  Both 
Mader  and  Desnos  confirmed  the  presence  of  albumen  in  the 
urine  in  the  case  of  an  acute  hemorrhage,  where  the  kidneys 
were  found  quite  intact  at  the  autopsy. 

In  a  case  where  hemorrhage  occurred  in  the  pons  portion  of 
the  medulla,  I  observed  a  considerable  rise  in  the  temperature  of 
the  body  during  the  agony.  Leyden  and  others  record  similar 
instances,  and  further  it  agrees  with  well  known  experimental 
facts. 

In  cases  where  life  lasts  long  enough,  we  can  test  the  electric 
reaction  of  the  paralyzed  nerves  and  muscles.  It  probably  re- 
mains quite  normal  for  some  time  in  the  extremities,  though  it  is 
stated  that  the  irritability  of  the  paralyzed  nerves  which  come 
directly  from  the  bulbus  soon  disappears.  Lej'-den  has  con- 
firmed the  latter  point,  at  least  as  regards  the  faradic  current. 


HYPEREMIA  AND  lIEMOliKIIAGE, 


873 


Arguing  from  analogy, "it  seems  highly  probable  that  when  the 
nervous  nuclei  of  the  bulbus,  or  the  nerve-roots  that  leave  them, 
are  destroyed  by  hemorrhage,  the  peripheral  nerves  dependent  on 
them  must  lose  their  irritabilitj^,  and  that  the  muscles  supplied 
by  these  nerves  must  give  a  reaction  of  degeneration.  This  will 
be  easily  decided  by  future  investigations. 

The  course  of  the  disease  is  threefold.  It  is  either  at  once 
fatal,  death  being  produced  by  paralysis  of  the  respiratory  cen- 
tres with  all  the  symptoms  of  apoplexiefoudroyaiite. 

Or  secondly,  death  does  not  occur  for  some  hours  or  days, 
while  the  patient  lies  continuously  in  a  state  of  more  or  less  in- 
tense unconsciousness  and  is  paralyzed  to  a  varying  extent, 
breathing  stertorously,  and  with  a  quick  pulse,  sometimes,  too, 
with  a  high  temperature. 

In  the  third,  and  probably  most  seldom  course,  life  is  main- 
tained for  a  more  considerable  time.  This  only  occurs  when  the 
hemorrhage  is  relatively  insignificant.  The  patient  gradually 
recovers  his  consciousness,  some  of  the  paralytic  and  other  symp- 
toms disappear,  and  nothing  remains  but  hemiplegia  or  partial 
paraplegia,  and  more  or  less  difficulty  in  articulation  and  deglu- 
tition. Apart  from  the  fact  that  the  actual  intellectual  region  is 
absolutely  unaffected,  and  apart  from  any  remnants  of  bulbar 
paralyses,  these  cases,  in  their  further  course,  their  termination, 
and  the  formation  of  secondary  contractures,  etc.,  exactly  resem- 
ble those  cases  in  which  hemiplegia  and  other  forms  of  paralysis 
have  been  produced  by  some  hemorrhage  in  the  brain  anterior  to 
the  medulla  (in  the  thalamus  opticus,  the  corpus  striatum,  the 
nucleus  lentiformis,  the  capsula,  etc.). 


Very  little  is  known  oO  the  symptoms  of  small  capillary 
hemorrliage  in  the  medulla ;  but  they  are  probably  similar  to 
those  produced  by  emboli  in  the  smallest  arteries  of  the  bulbus, 
and  can  scarcely  be  detected  accurately  unless  occurring  on  a 
large  scale.  There  is  no  evidence  as  to  whether  epilepsy  can 
result  from  this  capillary  hemorrhage,  as  Westphal '  observed  it 
in  the  guinea-pig  after  striking  it  on  the  head. 


'  Berl.  klin,  Wochenschr.  1871.  No.  38. 
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Diagnosis. 

It  is  liarclly  possible  tliat  we  shall  ever  be  called  upon  to  make 
a  special  diagnosis  of  hyperaimia  of  the  medulla  oblongata. 

We  can  apply  the  general  symptoms  of  cerebral  hemorrhage 
to  the  diagnosis  of  liemorrliage  in  tlie  medulla^  so  that  we  need 
only  refer  to  the  chapter  on  this  subject  in  Vol.  XII.,  and  to 
the  description  given  above.  In  many  cases  it  is  very  difficult 
to  distinguish  between  hemorrhage  and  embolism.  We  shall 
treat  of  the  important  points  for  this  differential  diagnosis  in  the 
next  chapter. 

In  order  to  make  a  special  diagnosis  of  a  hemorrhagic  lesion 
in  the  medulla  and  pons,  we  must  take  account  of  the  following : 
In  severe  cases  loss  of  consciousness,  epileptiform  convulsions, 
and  sudden  death  are  sufficiently  characteristic  to  establish  the 
diagnosis.  In  less  rapid  cases  we  may  mention  the  following 
symptoms  as  indicative  of  a  similarly  situated  lesion.  Com- 
mencement with  general  epileptiform  convulsions,  vomiting,  sin- 
gultus, more  or  less  threatening  respu-atory  disorders  (intermis- 
sion, dyspncea,  Cheyne-Stokes'  phenomenon),  dysphagia,  disorders 
of  speech,  paralysis  of  the  tongue  and  soft  palate,  of  the  inferior 
branches  of  the  facialis,  and  of  the  abducens,  etc. ;  albumen  and 
sugar  in  the  urine,  and  final  rise  of  temperature ;  the  extension 
of  paralysis  to  all  four  extremities,  but  particularly  the  unequal 
degree  of  paralysis  in  the  extremities  of  the  one  side,  and  the  face 
and  tongue  on  the  other  side  (paralysis  alternans) ;  we  might 
perhaps,  too,  adduce  the  cessation  of  all  reflexes  in  the  territory 
of  the  paralyzed  bulbar  nerves. 

There  are  some  further  isolated  symptoms  which  might  make 
our  diagnosis  more  accurate,  but  they  need  some  additional  con- 
firmation. For  instance,  we  might  take  the  alternating  paraly- 
sis of  the  facialis  (and  perhaps,  too,  of  the  masticatory  muscles 
and  the  abducens)  as  indicative  of  hemorrhage  in  the  pons  por- 
tion of  the  medulla.  But  we  must  take  account  of  several  other 
symptoms  according  to  the  extent  and  exact  position  of  the  clot 
in  the  pons.  As  regards  these  we  refer  the  reader  for  details  to 
Nothnagel's  article  in  Volume  XII. 
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We  may  conolnde  that  the  lesion  is  limited  to  the  anterior 
half  of  the  floor  of  the  fourth  ventricle,  when  we  see  paralysis  of 
the  abducens,  facialis,  and  trigeminus,  with  aural  disorders,  and 
sugar  and  albumen  in  the  urine,  etc. 

Hemorrhage  in  the  posterior  portion  of  the  rhomboid  sinus 
produces  paralysis  of  the  hypoglossus,  facialis  and  trigeminus, 
and  of  the  accessorius  and  vagus,  accompanied  by  grave  respira- 
tory disorders,  and  usually  by  paralyzed  extremities;  it  is  u 
symptom  probably  of  some  importance  when  these  latter  alter- 
nate with  the  paralysis  of  the  tongue.  Alternate  paralysis  of  an 
upper  and  lower  extremity  probably  indicates  that  the  lesion  is 
located  in  the  centre  of  the  decussation  of  the  i)yramids.  In  a 
case  described  by  Hughlings  Jackson,  a  small  hemorrhage,  which 
had  occurred  some  considerable  time  before,  immediately  border- 
ing upon  the  left  olivary  body,  is  made  responsible  for  a  sudden 
complete  paraplegia  of  the  tongue.  Whether  this  is  justifiable 
it  would  be  hard  to  decide,  since  there  were  many  other  clots 
found. 

Prognosis. 

The  prognosis  is  generally  very  unfavorable ;  in  the  great 
majority  of  cases,  especially  when  the  hemorrhage  is  of  at  all 
large  dimensions,  it  is  absolutely  fatal.  There  is  only  hope  of 
life  in  cases  of  very  limited  hemorrhage,  or  when  the  location  is 
very  favorable,  especially  when  it  is  far  removed  from  the  respir- 
atory centres.  The  patient's  condition  may  then  improve  gradu- 
ally, and  partially  recover.  As  regards  details,  the  prognosis  in 
such  cases  is  the  same  as  in  other  cerebral  hemorrhage. 

Capillary  hemorrhage,  if  we  could  diagnose  it,  would  prob- 
ably allow  of  a  more  favorable  prognosis.  Still,  we  should  not 
be  sanguine,  as  the  cause— namely,  vascular  disease — remains  to 
work  more  mischief. 

Treatment. 

The  rules  of  treatment  for  both  liypersemia  and  hemorrhage 
in  the  medulla  are  exactly  the  same  as  those  for  similar  disorders 
in  other  parts  of  the  brain.    To  avoid  repetition  we  shall  merely 
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]-efer  tlie  reader  once  more  to  Notlmagel's  work,  wliich  we  liave 
so  often  quoted.  We  should  only  wisli  to  draw  attention  to 
venesection  combined  with  active  stimulants  as  the  most  suitable 
treatment  in  severe  cases  where  respiration  is  threatened.  As 
the  patients  can  seldom  swallow,  we  must  inject  the  stimulants 
per  rectum  (clysters  of  musk),  or  subcutaneously  (emulsions  of 
camphor,  aromatic  spirit  of  ammonia,  port  wine,  cognac,  etc.). 
We  shall  not  attempt  to  discuss  the  value  derived  in  many 
cases  from  artificial  respiration,  even  if  continued  for  a  long  time. 

A  suitable  application  of  electricity  is  indicated  in  chronic 
cases  where  paralysis  continues,  and  where  the  speech  and  deg- 
lutition, etc. ,  are  impaired. 


2.  AncBmia  of  the  Medulla  Oblongata — Thrombi  and  Emboli 
in  its  Arteries — Necrotic  Softening. 

Tuengel,  Mittheil.  aus  d.  allgem.  Krankenbause  in  Hamburg.  Vircb.  Arch.  Bd. 
XVI.  p.  356.  1859. — Griesinger,  Aneurysma  der  Basilararterie.  Gesammelte 
Abbandlungen.  I.  p.  485. — Herard,  Union  m6d.  1868.  No.  35  (quoted  by 
Lichtheim). — O.  Hayem,  Sur  la  tbi'ombose  par  art6rite  du  tronc  basilaire  comme 
cause  de  mort  rapide.  Arab,  de  Pbysiol.  I.  p.  270.  18C8. —  TTzZ^-s.  Labio-glosso- 
laryng.  Paralysis.  Guy's  Hosp.  Rep.  XV.  p.  2-17.  1870. — Taylor,  Embolism 
of  the  Left  Vertebral  Artery ;  Paralysis  of  the  Glossopharyngeal  Nerves ;  Death 
from  Starvation.  Brit.  Med.  JournaL  1871.  Nov.  4. — Proust,  Soc.  de  Biologic. 
SGance  du  17  Juillet,  1870  ;  De  I'aphasie.  Arch.  g6n6r.  1872.  Tome  I.  p.  681. 
— Joffroy,  Sur  un  cas  de  paral.  glosso-labio-laryug6e  a  forme  apoplect.  d'origine 
bulbaire.  Gaz.  med.  1872.  Nos.  41-46. — ifure^,  Tribut  ti  I'histoire  de  rembolie 
desartSr.  vertebrales.  Th&se.  Paris,  1873. — Z'wrei,  Distribut.  des  artferes  nourric. 
du  bulbe  rhachid.  Arch,  de  Physiol.  V.  p.  97-114.  IQIZ.—Tirard,  Thrombos. 
of  Vertebr.  and  Basilar  Arteries.  Med.  Times.  1876.  Dec.  2. — Ribard,  De  la 
thrombose  du  tronc  basilaire.  Th&se.  Paris,  1876. — Lichtheim,  Ueber  apoplek- 
tiforme  Bulbiirparalyse  und  iln-e  Bezieliungen  z.  d.  Erkrank.  d.  Seitenstr.  des 
Riickenmarks.  Deutsch.  Arch.  f.  klin.  Med.  XVIII.  p.  593.  l^Q.—Marhicsy, 
Zur  Lehre  v.  d.  progress.  Muskelatrophie  u.  progress.  Bulb;irparalyse.  Dissert. 
Breslau,  1874.— Eichhoj-st,  Erweichungsherd  in  der  Varolsbrilcke  in  Folge  von 
Byphil.  Entartung  dor  Art.  basilar.  CharitC-Annalen.  L  p.  206.  lS76.—  WiUigk, 
Bulbiirparalyse  in  Folge  von  Embolie  der  Art.  vertebr.  Prager  Vierteljahr- 
schrift.  1875.  Bd.  126.  p.  39.— J/:  Rosenthal,  loco  cit.  p.  24:^.—Hallopeau,  Des 
paralysics  bulbaires.  Paris,  1875.  p.  98.— Note  sur  un  fait  de  thrombose  basi- 
laire. Arch,  de  Physiol.  VIII.  p.  794.  1876. 
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Pathogenesis  and  Etiology, 

What  lias  been  said  of  hypersemia  can  be  repeated  of  ance- 
mia  of  tlie  medulla.  It  probably  occurs  seldom  or  never  alone, 
unless  we  take  account  of  local  compression,  in  wliicli  case  anae- 
mia only  plays  a  very  secondary  part.  It  is  generally  a  mere 
component  of  general  ansemia  of  the  whole  body,  or  at  least  of 
the  brain  and  spinal  cord.  We  have  not  to  concern  ourselves 
with  further  details  of  this,  but  refer  the  reader  to  the  article  on 
"Anaemia  of  the  Brain."  No  doubt  some  of  the  symptoms 
which  we  see  in  general  anaemia  are  referable  to  a  similar  condi- 
tion of  the  medulla. 

Thrombosis  and  embolism  of  the  vessels  supplying  the  me- 
dulla are  not  extremely  rare.  They  are  the  commonest  cause  of 
anaemia  of  the  bulbus  ;  certainly  they  produce  at  once  the  most 
intense  anaemic  condition,  so  that,  unless  the  circulation  is  quick- 
ly compensated,  the  part  at  once  undergoes  necrotic  softening. 

The  tJiromhus  or  embolus  occurs  almost  without  exception  in 
the  vertebral  and  basilar  arteries,  and  is  very  seldom  confined 
to  the  smaller  branches  of  these.  Latterly  this  subject  has 
received  much  attention ;  and  the  result  has  been  that  a  number 
of  the  cases  which  were  classed  together  as  "acute,  apoplectic 
bulbar  paralysis"  (a  term  first  used  by  Herard)  were  produced 
by  emboli  and  thrombi  in  these  arteries.  Duret,  in  his  mono- 
graph on  the  arteries  of  the  medulla  (1873),  mentioned  all  that 
was  important  to  know  ;  Hallopeau  went  over  the  same  ground 
in  his  thesis  (1875),  while  Lichtheim  has  given  us  an  excellent 
treatise  (1876),  containing  everything  known  of  the  subject  up  to 
the  date.  However,  we  are  in  possession  of  very  few  cases  which 
have  been  under  accurate  clinical  observation,  and  afterwards 
received  a  post-mortem  examination.  Lichtheim  has  collected  a 
great  many  observations,  though  without  the  confirmation  of  an 
autopsy. 

What  has  been  said  of  thrombosis  and  embolism  in  the  cere- 
bral arteries  in  general,  applies  equally  well  to  these  processes 
in  the  medulla.  The  sources  of  the  emboli  and  the  causes  of 
thrombosis  are  in  every  respect  similar.    The  basilar  artery  is 
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frequently  atheromatous  and  contains  aneurisms,  and  it  is  often 
infected  by  syphilis,  so  that  it  constantly  produces  disorders  in 
the  circulation  of  the  pons  and  bulbus  by  means  of  thrombosis 
and  contractions  in  its  lumen,  though  these  are  occasionally  con- 
fined at  first  to  a  few  of  the  branches  it  gives  off.  Thrombi 
form,  too,  very  easily  and  often  in  the  vertebral  arteries  ;  and  in 
these  likewise  we  often  meet  with  emboli,  more  especially  in  the 
art.  vertebralis  sinistra  on  account  of  its  favorable  position,  given 
off  so  directly  as  it  is  from  the  subclavian. 

The  emboli  in  these  vessels  are  just  as  numerous  and  large  as 
in  others,  they  undergo  the  same  metamorphoses,  and  disinte- 
grate in  just  the  same  way,  and  are  then  carried  on  by  the  blood. 
The  secondary  thrombi  and  the  development  of  the  primary 
thrombi,  till  they  finally  close  the  lumen  of  the  vessel,  are  like- 
wise indistinguishable  from  the  process  in  any  other  vessels.  So 
we  need  not  enter  into  any  description  of  embolism  and  tlirom- 
bosis,  but  the  process  must  be  borne  in  mind  in  order  to  get  the 
significance  of,  and  enable  us  to  comprehend,  the  different  symp- 
toms. 

Pathological  Anatomy. 

We  shall  not  enter  into  a  description  of  thrombosis  and  em- 
bolism in  the  basilar  and  vertebral  arteries,  as  this  can  be  found 
in  any  text-book  on  pathological  anatomy.  And  besides,  in  the 
cases  which  have  been  published,  the  macroscopic  anatomical 
appearances  are  usually  treated  of  with  great  accuracy,  whilst 
the  consecutive  changes  in  the  pons  and  medulla  have  been  very 
imperfectly  studied. 

We  shall  confine  ourselves  here  to  mentioning  the  facts  that 
either  or  both  vertebral  arteries  may  be  completely  obliterated ; 
that  further,  the  thrombosis  may  extend  from  them  into  the 
basilar  ;  thirdly,  that  the  lumen  of  the  basilar  may  be  obstructed 
either  from  one  end  to  the  other,  or  for  a  short  distance  in  its 
anterior,  median,  or  posterior  division,  according  to  which,  of 
course,  the  symptoms  vary.  Finally,  we  may  state  that  the 
branches  given  off  from  the  main  arteries,  partially  or  wholly, 
any  or  all,  may  be  affected  by  the  thrombosis. 
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The  effect  produced  in  the  medulla  is  of  course  greater,  the 
quicker  the  obstruction  is  developed  and  the  greater  its  extent. 
Almost  unexceptionally  we  meet  with  grave  disorders  in  the  cir- 
culation, as  most  of  the  nutritive  arteries  in  this  region  are  ter- 
minal. The  immediate  result  is,  of  course,  intense  ancemia  of 
the  affected,  vascular  territory.  According  to  the  conditions 
which  govern  the  further  development  of  similar  lesions  in  other 
parts,  the  second  stage  consists  either  in  an  engorgement  accom- 
panied hy  effusion  of  Mood  (hemorrhagic  infarct),  which  leads  to 
red.  and  afterwards  to  yellow  and  white  softening,  or  we  have 
nothing  but  simple  ancemic  yellow  and  white  softening.  The 
linal  stage  often  consists  of  the  formation  of  a  cavity  in  the  bul- 
bus,  varying  in  size,  with  walls  of  soft  reticular  connective  tissue, 
and  delicate  threads  of  the  same  traversing  the  interior. 

If  the  obstruction  takes  place  in  one  of  the  smaller  vessels, 
we  find  a  number  of  small  cuneiform  centres  of  softening,  and  in 
them  capillary  extravasations ;  or  else  we  meet  with  similarly 
shaped  hemorrhagic  infarcts,  with  their  apices  pointing  forward 
and  their  bases  towards  the  floor  of  the  fourth  ventricle. 

We  are  in  possession  of  very  few  microscopical  investigations  on  tlie  subject  of 
these  softenings  in  the  medulla.  Charcot  found  a  number  of  corpuscles  of  Gluge 
(Fettkornchenzellen)  in  the  early  stages,  and  changes  similar  to  what  is  observed  in 
anaemic  parts  of  the  brain.  We  owe  a  more  accurately  studied  case  to  Willigk,  who, 
ten  months  after  the  commencement  of  the  disease,  found  the  basilar  artery  reduced 
to  a  fine  thrombotic  cord,  and  thrombi  in  the  art.  cerebellares  inferiores,  whilst  the 
vcrtebrals  were  unaffected ;  the  pons  was  atrophied  and  sclerotic  where  it  touched 
the  fourth  ventricle ;  both  pyramids  and  olivary  bodies  atrophied.  The  anterior 
])ortion  of  the  pyramids  was  sclerosed,  and  from  here  down  Willigk  could  follow 
the  usual  descending  secondary  degeneration  into  tlie  lateral  and  anterior  columns 
of  the  823iual  cord.  He  found  a  number  of  sclerotic  vessels  filled  with  detritus  and 
coarse  granular  substance  in  the  degenerated  parts  of  the  pons  and  medulla,  and 
between  these  were  other  vessels  which  were  dilated  and  admitted  of  circulation, 
but  were  surrounded  by  lymph-cells,  fat  and  pigment.  Everywhere  the  connective 
tissue  had  increased,  and  the  nerves  had  nothing  but  disintegrated  sheaths  and 
atrophied  axis-cylinders.  The  ganglion-cells  were  manifestly  altered,  especially 
those  that  lay  near  the  thrombotic  vessels ;  some  had  undergone  granular  disinte- 
gration and  pigmentary  degeneration,  others  were  in  the  last  stage  of  sclerosis  and 
liad  lost  all  their  processes ;  the  number,  too,  of  ganglion-cells  in  some  parts  was 
greatly  diminished,  as,  for  instance,  in  the  anterior  portion  of  the  rhoml)oid  sinus, 
but  not  so  much  in  the  hyjioglossal  nucleus.    An  important  fact  was  the  marked 
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average  atrophy  of  the  cells  in  the  olivary  bodies,  -which  bodies  were  themselves 
diminished  in  size,  while  their  iibres  remained  comparatively  normal ;  the  same 
condition  reigned  in  the  nuclei  of  the  pyramids.  Some  of  the  cerebral  nerves,  too, 
had  atrophied  and  degenerated,  more  particularly  the  abducens.  The  obstruction 
of  the  basilar  in  this  case  does  not  seem  to  have  taken  place  either  very  suddenly  or 
all  at  once  ;  probably  there  were  several  subsequent  emboli,  which  would  account 
for  the  absence  of  extensive  necrosis  and  softening.  Eichorst  in  his  case  found 
fatty  degeneration  and  dilatation  of  the  vessels,  and  a  number  of  the  corpuscles  of 
Gluge ;  further,  the  nerve-fibres  and  ganglion-cella  had  degenerated,  and  the  con- 
nective tissue  resolved  into  fat. 

Symptoms. 

We  sliall  confine  ourselves  to  tlie  symptoms  produced  by  ob- 
struction in  the  arteries  of  the  medulla,  drawing  a  distinction 
that  seems  advantageous,  between  those  that  take  place  in  the 
main  arteries  and  those  in  the  small  branches. 

If  one  or  both  'vertebral  arteries,  or  if  tlie  basilar  is  obstructed 
(thrombosis  or  embolism),  we  usually  observe  the  following  gen- 
eral symjptoms  :  A  more  or  less  complete  bulbar  paralysis  sets 
in  suddenly  or  in  a  mry  sliort  time  (in  the  course  of  one  or  two 
days,  in  a  case  of  autochthonous  thrombosis),  frequently  resem- 
bling an  apoplectic  fit,  but  often,  too,  without  any  loss  of  con- 
sciousness. This  bulbar  paralysis  consists  in  paralysis  of  the  soft 
palate  and  tongue,  loss  of  speech  and  the  power  of  deglutition, 
and  partial  joaralysis  of  the  inferior  territory  of  the  facialis. 
These  symptoms  are  sometimes  accompanied  by  paralysis  of  the 
orbital  and  masticatory  muscles,  disorders  of  hearing,  and  singing 
in  the  ears ;  of  extremely  frequent  occurrence  are  respiratory, 
circulatory  and  vocal  disorders.  Almost  without  exception,  par- 
alysis is  developed  simultaneously  m  tJie  extremities,  usually  in 
the  form  of  Tiemiplegia  on  the  same  side  as  the  obstruction,  con- 
sequently, with  greater  frequency  on  the  left  side,  as  the  art. 
vertebr.  sinistra  is  more  subject  to  embolism  ;  but  we  very  often 
find  all  four  extremities  more  or  less  completely  paralj'^zed.  Sen- 
sation, apart  from  subjective  disorders,  is  often  quite  unimpaii-ed, 
but  it  may  also  be  more  or  less  affected. 

This  acutely  developed  disease  is  not  of  a  progressive  charac- 
ter ;  at  most  we  see  a  slight  change  for  the  worse  in  the  first  days, 
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if  death  from  respiratory  paralysis  did  not  at  once  ensue.  On  the 
contrary,  tlie  patients  after  some  time  generally  recover  to  a  cer- 
tain degree.  That  is  to  say,  the  paralj^sis  disappears  in  part,  the 
extremities  contract,  the  tendon  reflexes  are  more  active,  etc.,  as 
in  other  cerebral  disseminated  paralyses,  and  the  patients  can 
remain  alive  in  this  condition  for  a  relatively  long  period. 

Buret's  thorough  investigations  of  the  circulation  in  the  me- 
dulla have  provided  us  with  means  of  forming  a  judgment  as  to 
the  exact  region  which  is  principally  affected  by  obstruction  of 
the  different  vessels,  so  that  we  can  draw  conclusions  as  to  the 
location  of  the  thrombosis,  from  observation  of  the  functions  that 
are  disordered.  The  following  is  a  condensed  statement  of 
Buret's  results  :  The  important  gray  nuclei  of  the  bulbus  are 
supplied  on  the  one  hand  b}^  the  arteries  of  the  nerve-roots,  which 
spring  from  the  vertebrals,  the  basilar  and  its  branches  ;  but 
they  derive  by  far  the  greater  supply  of  blood  from  the  median 
bulbar  arteries,  which  pierce  through  the  anterior  fissure  into  the 
raphe,  and  thence  to  the  nuclei.  Thus  the  nuclei  of  the  hypo- 
glossus  and  accessorius  are  supplied  by  branches  from  the  spinalis 
anterior  and  vertebralis,  and  in  a  very  minor  degree,  too,  form  the 
cerebellaris  inferior.  The  nuclei  of  the  vagus,  glossopharyngeus 
and  acusticus  derive  their  blood  from  the  branches  given  off  by 
the  anterior  portion  of  the  vertebrals  and  from  their  junction  ; 
the  blood-supply  of  the  nuclei  of  the  facialis,  trigeminus,  abdu- 
cens,  and  the  two  anterior  orbital  nerves,  comes  chiefl}^  from  the 
different  branches  of  the  basilar. 

The  pyramids  and  olivary  bodies  derive  their  blood  in  part 
through  small  branches  coming  directly  off  from  the  vertebrals, 
and  partly  from  the  spinalis  anterior.  The  pedunculi  cerebelli, 
and  also  the  lateral  and  posterior  portions  of  the  medulla,  are 
supplied  by  the  inferior  cerebellar  and  posterior  spinal  arteries. 
The  floor  of  the  fourth  ventricle  receives  terminal  branches  from 
nearly  all  the  arteries  of  the  bulbus  and  pons,  and  in  addition  to 
these  some  vessels  from  the  inferior  cerebral  artery  and  from  the 
choroid  plexus. 

If  this  vascular  distribution  were  perfectly  constant,  we  could 

easily  make  a  synthetical  estimate  of  the  results  that  would  be 

produced  by  the  obstruction  of  any  vessel  or  any  point  of  the 
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same ;  and  on  the  otlier  hand,  we  should  be  able  to  deduce  an 
exact  diagnosis  of  the  location  of  tlie  lesion  from  the  symptoms 
presented  to  us.  But  the  manifold  varieties  in  the  points  at 
which  these  vessels  are  given  off,  and  in  their  course,  as  well  as 
the  various  possibilities  of  a  collateral  circulation,  all  tend  to  di- 
minish the  succcess  of  our  efforts  in  this  direction. 

We  must  pay  special  attention  to  the  unilateral  or  bilateral 
origin  of  the  spinalis  anterior,  and  as  to  whether  it  unites  to  form 
a  common  trunk  or  not ;  further,  as  to  whether  the  cerebellaris 
inferior  is  given  off  at  an  anterior  or  posterior  point,  etc.  With 
sach  anomalies  a  lesion  located  in  exactly  the  same  point  of  the 
same  vessel  may  produce  in  different  cases  very  dissimilar  symp- 
toms. 

Notwithstanding  attempts  have  been  made  to  localize  the 
thrombus  from  the  symptoms  in  different  cases,  and  the  post- 
mortem examination  has  in  some  of  them  given  results  which 
agreed  very  well  with  what  was  observed  during  life,  still,  the 
diagnostic  rules  we  shall  now  give  can  lay  no  claim  to  absolute 
constancy  ;  they  are  at  most  approximately  true. 

Obstruction  of  the  basilar  artery^  as  a  rule,  produces  bilateral 
symptoms,  paralysis  of  all  four  extremities,  and  of  both  sides  of 
the  face,  etc.  ;  but  indubitably  the  most  important  sjmiptom  is 
the  cessation  of  the  functions  of  the  vagus  and  glossophar3mgeal 
nuclei,  severe  respiratory  disorders,  dyspnoea,  cyanosis,  and 
usually  a  rapid  death  from  asphyxia.  A  rapid  and  complete 
obstruction  of  the  basilar  generally  produces  instant  death.  Be- 
sides, consciousness  is  lost  in  every  case,  the  patients  falling  down 
insensible  and  sinking  into  deep  coma.  If  life  does  last  for  a  few 
hours,  we  may  observe  a  complete  paralysis  of  all  four  extremi- 
ties, caused  undoubtedly  by  anfemia  of  the  pyramidal  tracts. 
But  in  these  cases,  too,  life  soon  terminates  in  asphyxia,  the  res- 
piration becoming  very  rapid.  Tirard  describes  cases  of  75  to 
105  respirations  in  the  minute. 

If  the  obstruction  only  extends  to  small  portions  of  the  basi- 
lar, or  if  the  thrombosis  is  merely  attached  to  the  wall  of  the 
artery  and  only  cuts  off  the  blood  from  a  few  branches,  the 
symptoms  are  often  less  threatening,  and  individual  bulbar 
nerves  are  paralyzed,  accompanied  by  weakness  or  paralysis  of 
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some  or  all  of  the  extremities.  In  such  cases  we  see  the  different 
orbital  muscles  paralyzed,  and  those  supplied  by  the  facialis, 
trigeminus,  etc.  The  respiration  may  then  remain  uninterrupted, 
provided  circulation  continues  in  the  posterior  portion  of  the 
basilar  and  in  the  vertebral  arteries. 

Obsti'uctions  in  botJt  vertebrals  simultaneously  produce  ex- 
actly the  same  effects  as  thrombosis  of  the  basilar  artery,  namely, 
complete  paralysis  of  the  extremities  and  the  tongue,  difficulty 
in  swallowing,  aphonia,  and  intense  dyspnoea,  quickly  followed 
by  death  from  asphyxia.  The  life  of  the  patient  is  not  in  such 
immediate  danger  if  the  thrombosis  is  developed  slowly  enough 
to  allow  time  for  the  completion  of  a  slight  collateral  circulation. 
Joffroy  attaches  some  importance  to  the  lock-jaw  that  has  been 
observed  in  such  cases.  We  are  inclined  to  agree  with  Licht- 
heim,  who  ascribes  a  case  of  Marusky's,  in  which  this  symptom 
was  observed,  to  embolism  rather  than  to  extravasation. 

Obliteration  of  one  mrtebral  artery  produces  symptoms 
which  are  to  a  certain  degree  hemiplegic.  The  lesion  is  more 
frequent  in  the  left  artery,  from  which,  too,  the  spinalis  anterior 
is  generally  exclusively  or  in  greater  part  given  off.  It  produces 
occlusion  of  the  spinalis  anterior  and  cerebellaris  inferior.  This 
is  the  origin  of  the  hemiplegia,  which  occurs  either  on  the  same 
side  as  the  lesion  or  on  the  opposite,  a  matter  that  depends  on 
somewhat  varying  conditions,  such  as  the  location  of  the  throm- 
bus, the  point  of  origin  of  the  spinalis  anterior,  the  completeness 
of  the  pyramidal  decussation,  etc.  We  may  also  meet  witli 
paralysis  of  the  hypoglossus  and  accessorius,  disorders  of  articu- 
lation and  deglutition,  aphonia,  paralysis  of  the  inferior  branches 
of  the  facialis,  partial  paralysis  and  aufesthesia  of  the  soft  palate, 
etc.;  but  all  these  symptoms  are  frequently  more  prominent  on 
one  side  of  the  body.  We  have  thus  before  us  all  the  symptoms 
of  acute  bulbar  paralysis,  and,  in  addition,  a  more  or  less  pro- 
nounced hemiplegia  or  weakness  of  all  four  extremities,  gener- 
ally unaccompanied  by  any  loss  of  consciousness. 

We  can  often  recognize  the  successive  occlusion  of  the  differ- 
ent arterial  territories  quite  plainly  by  the  grouping  of  the  symp- 
toms and  the  order  in  which  they  follow  one  another,  which  show 
us  how  the  thrombosis  becomes  more  complete  and  increases  in 
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its  extent.  Tliis  is  well  illustrated  by  the  cases  described  by 
Tirard,  Hallopeau,  and  others. 

Tlie  larger  the  vessel  occluded  and  the  thrombus  occluding  it, 
and  the  firmer  the  consistencj'^  of  the  latter,  the  quicker  ensues 
death.  If  the  circulation  can  be  quickly  restored  by  disinte- 
gration or  displacement  of  the  thrombus  or  embolus,  or  by  suffi- 
cient collateral  branches,  we  may  hope  for  improvement  and  par- 
tial recovery.  Patients  of  this  class  may  drag  out  their  existence 
for  several  years  more,  though  generally  retaining  severe  results 
of  the  lesion,  such  as  paralyses,  contractures,  and  difficulties  of 
articulation  and  deglutition.  Lichtheim  has  described  a  very 
good  instance  of  this  form. 

An  occlusion  of  the  'oery  small  branches  in  the  bulbus  can 
certainly  never  be  diagnosed  with  certainty  from  the  symptoms 
it  produces.  But  as  these  vessels  are  generally  terminal,  their 
obliteration  is  sure  to  be  accompanied  by  necrosis  of  the  parts 
affected,  and  it  only  depends  on  the  territory  of  such  an  artery 
whether  we  get  any  symptoms  of  it  or  not.  It  is  quite  possible, 
for  instance,  that  these  occlusions  may  produce  partial  paral3'^sis 
of  the  tongue,  difficulties  of  articulation  and  swallowing,  unilate- 
ral paralysis  of  the  facialis  and  abducens,  respiratory  disorders, 
and  perhaps  even  fits  of  asthma,  etc.  But  we  are  seldom  or 
never  able  to  conjecture  such  lesions. 

To  this  category,  however,  belongs  a  case  of  Voisin's,  -which  Duret  quotes.  A 
woman  had  all  the  symptoms  of  a  suddenly  developed  bulbar  paralysis,  and  the 
post-mortem  examination  proved  the  presence  of  a  ti-iangular  capillary  clot  as  large 
as  a  pea,  situated  in  the  middle  line  and  pointing  with  its  aj^ex  to  the  anterior  sur- 
face of  the  bulbus,  while  its  base  was  directed  towards  the  floor  of  the  fourth  ven' 
tricle.  Hallopeau,  too,  describes  an  interesting  case  in  which  the  main  lesion  con- 
sisted in  a  small  point  of  softening  in  the  bulbus,  which  coincided  exactly  with  the 
common  nucleus  of  the  facialis  and  abducens,  and  had  paralyzed  these  two  nerves. 
An  embolus  of  the  vertebralis  as  well  had  given  rise  to  hemiplegia  on  the  opposite 
side  of  the  body,  while  a  continuous  incomplete  thrombosis  of  the  basilar  produced 
other  paralytic  symptoms,  and  finally  caused  death  from  asphyxia. 

Diagnosis. 

The  diagnosis  of  a  bulbar  embolus  or  thrombus  is  very  fre- 
quently surrounded  with  many  difficulties,  though  in  most  cases 
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we  can  scarcely  fail  to  inform  ourselves  of  tlie  approximate  lo- 
cation of  the  well-marked  symptoms.  A  bulbar  paralysis,  for 
instance,  with  all  its  characteristic  symptoms  of  difficulty  in 
swallowing  and  articulation,  palato-labio-lingual  paralysis,  par- 
tial paralysis  of  the  masticatory  and  some  of  the  orbital  muscles, 
with  threatening  disorders  of  the  respiration  and  circulation,  and 
accompanied  by  either  hemi-  or  paraplegia  of  the  extremities, 
occasionally  too  by  epileptoid  convulsions — all  this  is  so  charac- 
teristic that  we  can  hardly  fail  to  comprehend  it,  and  our  atten- 
tion is  at  once  directed  to  the  pons  and  medulla.  But  in  fulmi- 
nant and  extremely  rapid  cases,  when  the  patient  sinks  into  deep 
coma,  and  universal  paralysis  sets  in  with  threatening  asphyxia, 
we  can  only  make  a  guess  as  to  where  the  lesion  has  occurred. 

We  can  generally  make  a  pretty  positive  diagnosis  of  an 
acute,  defined  lesion  in  the  bulbus,  if  the  symptoms  are  suddenly 
developed  without  any  warning  ;  for,  even  in  a  case  of  autochtho- 
nous thrombosis,  we  generally  have  a  sudden  attack,  probably 
the  moment  the  vessels  are  completely  occluded.  But  it  is  not 
always  easy  to  determine  whether  a  hemorrhage  or  an  embolism 
has  taken  place.  The  general  grounds  for  the  one  or  other  inter- 
pretation are,  as  is  well  known,  not  at  all  absolute  (compare 
Nothnagel,  Vol.  XII.) ;  nor  can  we  always  find  any  source  of 
an  embolus ;  besides,  in  old  persons  thrombosis  is  just  as  fre- 
quent as  hemorrhage,  and  in  young  subjects  the  arteries  may  be 
infected  by  syphilis.  These  reasons  render  a  positive  distinc- 
tion, in  most  cases,  impossible,  unless  the  special  symptoms  lead 
us  to  diagnose  one  cause  or  the  other.  This  is,  however,  very 
frequently  the  case. 

We  could  hardly  entertain  thoughts  of  an  extravasation,  for 
instance,  in  Hallopeau's  case,  where  the  different  symptoms  came 
on  one  after  the  other — the  same  effect  as  produced  by  an  embo- 
lus with  continued  development  of  a  secondary  thrombus. 

Epileptoid  convulsions  and  apoplectic  attacks  are  of  more  fre- 
quent occurrence  in  cases  of  hemorrhage  than  in  those  of  embo- 
lism and  thrombosis ;  it  is  only  when  the  whole  basilar  is  com- 
pletely occluded  that  we  meet  with  a  severe  apoplectic  attack. 

The  symptoms  of  embolism  are,  in  many  cases,  of  a  definite 
character,  owing  to  the  regular  distribution  of  the  vessels,  whilst 
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tliose  of  apoplexy  are  more  dependent  on  cliance ;  so  tliat  we 
oftener  meet  with,  a  repetition  of  exactly  the  same  group  of 
symptoms  in  cases  of  embolus  than  we  do  in  extravasation.  As 
an  instance  of  this  repetition,  we  refer  the  reader  to  Liclitlieim' s 
case  of  obliteration  of  the  vertebral,  with  simultaneous  bulbar 
paralysis  and  paralysis  of  the  extremities. 

The  course  of  the  disease  is  yevj  frequently  quite  decisive  for 
or  against  a  diagnosis  of  embolism.  Striking  and  rapid  improve- 
ment, with  total  disappearance  of  complete  groups  of  paralytic 
symptoms,  seldom  occurs  in  cases  of  hemorrhage. 

When  we  have  decided  on  a  thrombus  or  embolus,  though 
perhaps  only  on  grounds  of  probability,  we  must  proceed  to  the 
exact  localization  of  the  lesion.  This  will  often  be  possible  when 
we  can  go  upon  the  basis  of  the  facts  stated  above  ;  but  our  diag- 
nosis must  always  have  a  certain  amount  of  uncertainty,  owing 
to  all  the  possible  varieties  of  the  vessels.  Besides  the  localiza- 
tion of  the  paralyses,  other  symptoms  may  help  us  to  form  our 
diagnosis.  Thus,  in  diagnosing  occlusion  of  the  basilar,  we 
might  take  account  of  an  unusually  full  pulse  in  the  carotids, 
and  of  Griesinger' s  symptom  (which  he  deduced  a  priori,  though 
we  have  never  heard  of  its  being  practically  tested)  of  violent 
general  convulsions  resulting  from  energetic  compression  of  both 
carotids,  just  as  in  Kussmaul  and  Tenner's  experiments.  The 
practical  application  of  this  experiment  seems,  however,  some- 
what problematical. 

Prognosis. 

We  need  scarcely  observe  that  the  cases  of  embolism  and 
thrombosis  with  which  we  are  now  occupied  are  of  the  gravest 
character.  Whilst  the  prognosis  of  sudden  and  complete  obstruc- 
tion of  the  basilaris  or  both  vertebrals  is  almost  absolutely  fatal, 
we  may  say  of  a  slowly  developing,  or  at  first  incomplete,  occlu- 
sion of  one  or  more  of  the  large  vessels  in  this  region,  that  it 
almost  unexceptionally  ends  in  death  within  a  short  period.  We 
cannot  expect  life  to  last  long,  except  in  cases  of  relatively  limited 
obstruction,  which  happen  to  atfect  the  least  dangerous  parts,  or 
where  a  possibility  is  offered  of  a  somewhat  considera|Dle  collat- 
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eral  circulation.  When  such  cases  become  chronic  they  share 
the  same  prognosis  as  thrombotic  or  embolical  softening  of  other 
cerebral  regions,  and  are  consequently,  in  their  later  periods,  to 
be  regarded  as  incurable. 

Treatment. 

We  refer  the  reader,  for  the  treatment  of  these  cases,  to  Noth- 
nagel's  article.  Stimulants  and  tonics  are  plainly  indicated 
when  the  thrombosis  is  located  in  the  bulbus ;  but,  unfortu- 
nately, the  diagnosis  is  so  uncertain  in  many  cases  that  it  is 
difficult  to  follow  out  any  definite  therapeutical  course.  So  that 
we  must  be  guided  by  the  scanty  symptomatic  indications,  which 
can  be  gathered  from  a  careful  observation  of  the  individual  case. 

At  a  later  period  electricity  may  be  applied  with  most  suc- 
cess. Markusy  derived  the  most  wonderful  results  from  its  ap- 
plication in  a  case  which  probably  belonged  to  this  class. 


3.  Injuries  and  Wounds  of  fJie  Medulla  Oblongata. — Ghronio 

Compression  of  the  Same. 

Ollimer,  1.  c.  3me  6d.  I.  u.  II.  passim. —  Waters,  Remarkable  Case  of  Lesion  of  the 
Medulla  Oblong.  Medico-Chir.  Transact.  Vol.  XLVI.  p.  115.  1863.— Fza;,  Fall 
von  einseit.  Verletzung  des  verl.  Marks.  Correspondenzbl.  d.  arztl.  Ver.  im 
Rheinland,  1874.  Centralbl.  1875.  No.  22.— Leyden,  Klinik  I.  und  II.  1874- 
76. — Hallopeau,  Des  paralysies  bulbaires.  Paris,  1875.  p.  117. — C.  Lange,  Ein 
paar  plotzliche  Todesfalle.  Hosp.  Tid.  1870.  Virchow-Hirsch.  Jaliresber. 
1870. — Levrat-Perroton,  Cas  de  glycosurie  deterniinee  par  une  tumeur  colloide 
renferin6e  dans  le  4me  ventricule.  Thfese.  Paris,  1859. — Solbrig,  Ueber  die  Ve- 
rengerung  des  Eingangs  des  Wirbelcanals  in  den  mit  Epilepsie  verbundenen 
Seelenstcirungen.  Allgem.  Zeitschr,  fiir  Psych.  Bd.  24.  p.  1.  1867 — v.  Reck- 
linghausen, Virch.  Arch.  Bd.  30.  p.  864.  1864. — Ladame,  Symptomatologie 
und  Diagnostik  dcr  Hirnguschwiilste.  p.  43.  1805. —  Voisin,  Cas  de  paral. 
glosso-lab.-lar.,  sans  scl6rose  du  bulbe.  Annal.  niCdic.  psych.  Janv,  1871.  Vir- 
chow-Hirsch. Jahresber.  1371.  Vol.  II.  p.  59. — Baeh,  Enchondroni  der  Scha- 
delbasis.  Arch,  dcr  Heilkunde.  XIIL  p.  192.  1872.  —BoucJiai'd,  Compress,  de  la 
pyram.  antCr.  gauche  par  I'apophysie  odont. ;  hGmiplugie;  convulsions  Cpilept. 
(quoted  in  Hallopeau's  work,  p.  118). — Bourdon,  Tubercule  du  cervelet  occu- 
pant l'6minence  vermicul.  et  comprimant  le  bulbe;  embarrns  de  la  parole, 
ibid.  p.  125. — Oarrod  and  Philpot,  Papillomatous  Tumor  in  the  Fourth  Van- 


888  EKB. — DISEASES  OF  THE  MEDULLA  OBLONGATA. 

tricle  of  the  Brain.  Lancet.  1873.  Marcli  1.— Hertz,  Fall  von  Erweicliungshcr- 
den  in  der  Med.  oblong,  etc.  Deutsclies  Arch.  f.  klin.  Med.  XIIL  j).  385.  1874, 

 Rotter,  Arthritis  deformans  der  Articul.  epistropheo-atlant.  etc.  ibidem  XIII. 

p.  403.  1874. —  Fe?wn,  Etude  sur  les  tumeurs  du  4.  ventricule.  Thfcsc.  Paris, 
1874. — Rallopeau,  Tunieur  dans  le  cerveau  moyen.  Gaz.  niGd.  1874.  No.  9. — 
Hvh'ich,  Geschwulst  des  Kleinhirns,  Druck  auf  die  Med.  oblong.  Arch,  fiir 
Psych,  u.  Nerv.  V.  p.  594.  1875. — Lanzoni,  Caso  singolare  di  paral.  bulb,  per 
compress,  di  un  tumore  del  cerveletto.  Eaccogl.  med.  1876.  Aprile.  Jahresbcr. 
pro.  1876.  IL  p.  111. — Morelli,  Affectionen  der  Med.  oblong.  Centralbl.  1877. 
No.  88. — Griesinger,  Aneurysma  d.  Basilararterie.  Gesammelte  Abhandl.  I.  p. 
472  (from  the  Arch.  d.  Heilkunde  III.). — Lebert,  Aneurysma  d.  Vertebrales, 
Basilaris,  etc.  Berliner  klin.  Wochenschr.  1866,  No.  28. 

Notwithstanding  its  protected  position,  the  medulla  oblongata 
often  suffers  from  traumatic  influences,  and  is  thereby,  directly 
or  indirectly,  more  or  less  injured  and  even  destroyed.  To  this 
category  belong  acute  mecJianical  injuries  to  this  vital  organ, 
which  are  of  the  most  dangerous  character,  and  consequently 
have,  as  a  rule,  a  very  short  clinical  history. 

But,  besides  these,  there  are  other  mechanical  influences  which 
affect  the  medulla  from  without,  but  quite  gradually  and  increas- 
ing by  slow  degrees.  These  influences  are  neoplasmata,  disease 
of  the  bones,  and  dislocations,  parasites,  etc.  They  all  produce 
a  slowly  increasing  pressure,  and  compress  the  medulla  chron- 
ically. 

It  appears  to  us  quite  suitable  to  discuss  the  two — the  acute 
and  chronic  forms  of  mechanical  injury  to  the  medulla — in  the 
same  section. 


Pathogenesis  and  Etiology. 

Injuries  of  the  medulla  may  be  produced  in  many  different 
ways  :  for  instance,  by  a  cut  or  stab,  which  pierces  easiest  between 
the  atlas  and  occiput ;  or  by  foreign  bodies,  such  as  pistol  and 
rifle  bullets,  splinters  of  bone,  etc.  Such  injuries  can  occur  at  any 
point,  accompanied  or  unaccompanied  by  injuries  of  the  cervical 
vertebrtB  and  skull.  Further,  these  wounds  may  be  produced 
by  a  cut  on  the  head,  with  or  without  fracture  of  the  skull,  and 
in  many  cases  by  contre-coup.  A  fall  on  the  head  or  back  of  the 
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neck,  or  a  heavy  body  striking  these  parts  or  the  face,  produces 
similar  results. 

Fi'aciures,  dislocations  and  displacements  of  tlie  two  first 
cervical  mrtehrm  are  very  important  and  frequent  causes  of 
Avounds  of  the  medulla.  When  the  vertebrae  are  fractured,  as 
happens  from  gunshot  wounds,  or  from  a  fall  or  blow  on  the 
head  or  neck,  etc.,  we  always  find  them  more  or  less  displaced  ; 
if  this  is  not  the  case,  the  medulla  may  escape  uninjured.  The 
most  dangerous  luxation  is  that  of  the  first  vertebrae,  as  it  is 
almost  always  accompanied  by  backward  displacement  of  the 
odontoid  process  ;  this  process  is  then  forced  against  the  anterior 
surface  of  the  medulla,  which  it  compresses  and  lacerates,  espe- 
cially when  some  pathological  process  has  already  produced  en- 
largement of  the  bone,  or  altered  its  natural  direction  of  growth. 
This  event,  followed  by  immediate  death,  can  also  be  produced  by 
simple  dislocation  of  tlie  odontoid  process.  Dislocation  can  take 
place  when  the  head  is  sharply  pulled  forward,  as  in  hanging,  or 
fiexed,  the  epistropheus  slipj)ing  from  under  the  transverse  liga- 
ment. The  same  effect  is  produced  by  any  great  force  acting  on 
the  head  and  neck,  inducing  a  luxation  in  the  occipito-atlantoid 
or  atlanto-epistropheal  articulations.  A  similar  result  ensues 
from  caries  of  the  first  cervical  vertebrae,  which  slackens  and 
destroys  the  ligaments  and  the  vertebrae  themselves,  so  that  quite 
a  trifling  mechanical  process,  such  as  a  sudden  turn  of  the  head, 
etc.,  produces  dislocation. 

The  causes  of  slow  compression  of  the  medulla  are  very  vari- 
ous. If  any  neoplasma  or  enlargement  (whether  it  arises  in  the 
bone,  periosteum,  meninges,  in  the  vessels  or  the  surrounding 
parts  of  the  brain)  grows  in  the  direction  of  the  medulla,  it  may 
produce  slowly  increasing  compression,  and  thereby  cause  mate- 
rial injury  to  the  functions  of  this  organ. 

The  processes  of  this  class  with  which  we  most  frequently 
meet  are  osseous.  Simple  caries  of  the  occipital  bone  and  two 
first  cervical  vertebrae  may  produce  the  effect,  with  its  exuda- 
tions, abscesses,  osseous  tumefaction,  dislocation  of  the  odontoid, 
etc. 

The  medulla  is  often  compressed,  too,  by  abnormalities  in 
the  shape  and  size  of  the  hones.   Solbrig  directs  attention  to  one 
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of  these,  wliich  is  by  no  means  of  seldom  occurrence,  namely, 
constriction  of  tTie  entrance  to  the  spinal  canal,  caused  by  some 
misgrowtli  of  the  processus  anonymi  occipitis,  of  the  processus 
odontoideus,  and  of  the  posterior  semicircle  of  the  atlas.  In  nine 
cases  of  epilepsy  he  found  at  the  autopsies  considerable  constric- 
tion, which  had  caused  compression.  And  Ollivier  describes 
similar  cases.  An  enlargement  of  the  odontoid,  too,  is  not  rare. 
Hertz  describes  a  case  in  which  this  process  was  very  much  en- 
larged, with  its  point  directed  sharply  backwards  towards  the 
medulla,  perhaps  the  result  of  rachitis.  These  variations  do  not 
seem  to  have  any  absolute  significance,  and  are  often  found  by 
mere  chance ;  but  when  combined  with  certain  external  injurious 
influences  or  some  casual  effort  (physical  overexertion,  carrying 
a  heavy  load,  etc.),  they  may  give  rise  to  grave  disorders.  In 
Hertz's  case,  for  instance,  the  overgrowth  of  the  odontoid  had 
produced  a  small  centre  of  softening  in  the  decussation  of  the 
pyramids,  corresponding  exactly  to  the  point  of  the  process. 

Arthritis  deformans  in  the  articulations  between  the  occi- 
put, atlas,  and  epistropheus,  would  seem  to  be  a  very  much 
rarer  cause  of  compression.  Kotter  has  lately  described  a  case 
in  which  the  shape  of  the  joints  was  immensely  changed,  the 
odontoid  process  enlarged,  and  the  ligaments  very  slack,  so  that 
the  occipital  foramen  was  considerably  constricted. 

The  medulla  is  much  oftener  compressed  by  tumors  arising 
from  the  hony  parts  and  growing  into  the  foramen  magnum. 
Baelz  found  an  enchondroma  from  the  base  of  the  skull,  Leyden 
a  cystosarcoma  of  the  clivus,  and  Hallopeau  a  connective- tissue 
tumor  from  the  base,  and  we  could  enumerate  many  other  in- 
stances of  this  class. 

The  same  effect  is  produced  by  different  kinds  of  tumors 
favorably  situated  on  other  surrounding  structures,  such  as 
syphilitic  gummata  arising  on  the  dura  mater,  excrescences  on 
the  choroid  plexus  (Kussmaul),  epitheliomata  in  the  arachnoid 
(Voisin),  etc. 

In  this  class  we  may  further  include  aneurisms  of  the  basilar 
and  vertebral  arteries,  which  are  of  somewhat  common  occur- 
rence ;  they,  however,  in  the  majority  of  cases  compress  the 
pons,  but  sometimes  their  influence  extends  to  the  medulla  and 
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its  nerves.  They  are  rendered  still  more  dangerous  by  the 
thrombosis,  whicli  almost  constantly  accompanies  them. 

Lastly,  we  come  to  tumors  of  the  cerehellum,  which,  when 
they  are  large  enough  to  compress  the  medulla  and  are  favorably 
situated,  play  a  very  prominent  part.  Cases  of  this  kind  are 
numerous.  Bourdon  describes  a  small  tubercle  in  the  vermis 
cerebelli  surrounded  by  an  exudation,  whicli  compressed  the 
inferior  portion  of  the  rhomboid  sinus ;  Morelli  had  a  case  of 
tubercle  on  the  floor  of  the  fourth  ventricle ;  Hubrich  saw  a 
glioma,  probably  originating  in  the  flocculus,  and  wedged  in  be- 
tween the  medulla,  cerebellum,  and  pons,  which  had  compressed 
the  medulla  considerably,  and  pushed  its  nerves  to  one  side ; 
Lanzoni  observed  a  glioma  as  large  as  a  hen's  egg  in  the  vermis 
inferior,  which  covered  the  fourth  ventricle ;  Voisin  found  an  epi- 
thelioma in  the  pia  mater  of  the  cerebellum  growing  in  the  direc- 
tion of  the  medulla.    But  we  need  not  multiply  cases  further. 

The  action  in  all  these  cases  is  increasing  pressure  from  with- 
out upon  the  medulla,  and  this  pressure  must  naturally  first  act 
upon  the  nerve-roots  given  off  by  the  medulla,  and  then  upon 
the  different  parts  and  funiculi  in  the  oi'gan  itself.  This  is  what 
produces  the  characteristic  symptoms  of  gradually  increasing 
irritation  and  paralysis.  But  frequently  a  long  time  elapses 
before  we  can  observe  any  symptoms,  or  perhaps  only  very  insig- 
nificant ones ;  and  then  these  cases  exhibit  suddenly  the  most 
acute  paralytic  symptoms,  ending  quickly  with  death.  This,  of 
course,  leads  us  to  assume  an  embolus  or  extravasation,  but  this 
occurs  by  no  means  constantly  ;  on  the  contrary,  it  is  almost  cer- 
tain that  bulbar  myelitis  produced  by  compression,  which  ex- 
tends rapidly  over  a  large  surface,  is  the  origin  of  these  acute 
symptoms.  In  fact,  we  have  an  analogous  case  in  the  slow  com- 
pression of  the  spinal  cord.  It  is  the  possibility  of  this  mj^elitis 
by  compression  that  constitutes  the  chief  danger  in  a  great  many 
cases  of  mechanical  injuries  of  the  medulla  oblongata. 

Pathological  Anatomy. 

It  is  unnecessary  to  dwell  upon  the  causes  which  could  pro- 
duce an  acute  trauma  in  the  medulla.   A  few  words,  too,  will 
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dispose  of  the  anatomical  clianges  whicli  we  observe  in  the  organ 
when  wounded,  lacerated,  or  crushed,  Tney  resemble  in  every 
detail  the  acute  injuries  in  the  spinal  cord,  and  their  termina- 
tion is  similar.  The  location  and  extent  these  lesions  occupy  are 
very  various,  and  of  course  dependent  on  chance. 

It  would  also  take  up  too  much  space  to  describe  the  ana- 
tomical appearances  of  the  causes  of  slow  compression,  and  we 
shall  content  ourselves  with  having  enumerated  them  above. 

The  medulla  itself  may  undergo  the  most  manifold  changes 
from  compression:  its  shape  may  be  altered,  it  may  be  dis- 
located, turned  on  its  axis,  or  pressed  out  Hat  or  obliquely,  ren- 
dered unsymmetrical,  or  may  receive  a  number  of  impressions  of 
various  depth  and  size.  Various  parts  are  atrophied  by  pressure, 
or  there  may  be  sharply-dehned  indentations,  or  one-half  may  be 
severely  compressed,  whilst  the  other  is  relatively  untouched,  etc. 
It  is  quite  plain  that  all  this  depends  entirely  upon  the  position 
and  shape  of  the  compressing  processes,  and  that  these,  too,  are 
accountable  for  the  different  symptoms  that  we  may  meet  with. 

Relatively  little  is  known  of  the  histological  changes  that 
take  place  in  such  cases.  We  usually  find  the  medulla  ancBmic, 
and  generally  softened.  In  Hubrich's  case  the  affected  half  was 
soft  and  friable.  Extravasations  in  the  softened  parts  are  of  fre- 
quent occurrence.  In  the  small  centre  of  softening  which  Hertz 
describes,  he  found  that  the  medullary  sheath  had  disappeared, 
and  likewise  part  of  the  axis-cylinder ;  he  saw,  too,  a  great  deal 
of  finely  granulated,  soft,  interstitial  tissue,  numerous  corpus- 
cles of  Gluge,  and  corpora  amylacea ;  the  vessels  were  irregularly 
dilated,  hypertrophied,  and  covered  with  granules  of  fat  and 
pigment,  and  it  was  around  them  he  found  most  of  the  corpus- 
cles of  Gluge. 

The  nerve-roots  given  off  from  the  bulbus  are  generally  more 
or  less  degenerated  and  compressed  ;  they  are  flattened,  gray, 
attenuated,  and  undergo  degenerative  atrophy. 

Secondary  degenerations  often  arise  from  these  lesions  and 
run  down  into  the  spinal  column. 

However,  in  future  cases  it  Avould  be  very  desirable  to  make 
more  accurate  investigations  on  the  results  of  myelitis  of  the 
medulla  from  compression. 
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Symptoms. 

If  the  injury  to  the  medulla  is  a  severe,  acute  one,  the  symp- 
toms are  generally  very  simple — the  patients  collapse  as  if  struck 
by  lightning,  and  die  instantaneously ;  sometimes  they  give 
utterance  to  a  loud  cry  before  falling,  or  death  may  be  accom- 
panied by  a  few  transitory  convulsions.  All  this  results  from 
sudden  paralysis  of  the  respiratory  centre,  and  complete  inter- 
ruption of  every  conducting  connection  with  the  spinal  cord  and 
the  periphery. 

This  is  the  ordinary  course  when  the  occiput  is  dislocated 
towards  the  atlas,  or  when  the  odontoid  process  is  forced  from 
the  epistropheus,  or  in  fractures  of  the  anterior  cervical  vertebrae, 
or  in  gunshot  and  knife  wounds  of  the  medulla,  and  also  in  a 
number  of  other  cases. 

When  the  wounds  are  relatively  less  severe,  or  when  the 
medulla  is  only  partially  lacerated,  life  may  last  for  some  time ; 
but  these  cases,  too,  end  suddenly. 

"Waters  describes  a  case  of  this  nature.  The  patient  received  a  heavy  blow  in 
the  face,  unaccompanied  by  fracture  of  the  skull.  At  first  the  symptoms  were 
trifling,  consisting  of  a  slight  feeling  of  weakness,  and  deafness  on  the  right  side. 
There  was  no  anaesthesia ;  the  tongue  and  uvula  were  slightly  oblique ;  the  patient 
suffered,  too,  from  singultus,  and  was  unable  to  swallow.  The  temperature  was 
high  on  the  right  side.  Sudden  death  in  twenty-four  hours.  At  the  autopsy  he 
found  both  sides  of  the  right  pedunculus  cerebelli  lacerated,  the  wound  extending 
to  the  floor  of  the  fourth  ventricle.  The  paralytic  symptoms  may  be  explained  by 
laceration  of  the  nuclei,  and  death  probably  resulted  from  paralysis  of  the  respira- 
tory centre. 

Vix'a  case  cannot  be  regarded  as  anything  more  than  a  mere  unilateral  wound 
of  the  upper  cervical  portion  of  the  spinal  cord,  which  was  located  in  all  proba- 
bility lelow  the  decussation  of  the  pyramids.  No  conclusions,  however,  can  be 
drawn  from  the  case,  as  the  patient  survived,  and  an  autopsy  was  never  obtained. 

It  is  certainly  highly  probable  that  patients  sometimes  sur- 
vive very  small  injuries  to  the  medulla.  But  still  this  is  difficult 
to  prove  ;  for,  from  the  symptoms  of  paralyses  of  different  kinds, 
troubles  of  articulation  and  hearing,  epilepsy,  slow  pulse,  dia- 
betes mellitus  or  insipidus,  etc.,  Ave  can  only  conjecture  that  the 
medulla  has  received  some  injury. 
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On  the  other  hand,  it  is  by  no  means  certain  that  we  must 
always  assume  an  actual  lesion  such  as  hemorrhage,  laceration, 
or  comminution,  to  explain  the  symptoms  which  follow  trau- 
matic influences  bearing  upon  the  neck  and  skull.  It  would  not 
be  difficult  to  account  for  all  the  symptoms  by  simple  commo- 
tion, similar  to  what  has  been  found  in  the  spinal  cord ;  it  does 
not  alter  the  question  whether  they  are  accompanied  or  not  by 
chronic  nutritive  troubles.  This  remains  to  be  decided.  There 
is  no  doubt,  however,  that  our  present  material  is  not  sufficient 
to  allow  us  definitely  to  assume  the  existence  of  a  commotio 
medullse  oblongatse. 

Special  importance  attaches  to  a  number  of  initial  symptoms 
in  sloio  compression  of  the  medulla.  These  initial  symptoms 
develop  very  gradually,  and  may  escape  observation  ;  their  form 
is  very  variable,  and  they  are  the  results  of  irritation  and  paraly- 
sis of  the  nerve-roots  coming  from  the  bulbus  and  pons.  In  the 
first  place,  we  have  symptoms  of  irritation,  such  as  pains  of 
varying  intensity  in  the  territory  of  the  trigeminus,  or  head-  and 
face-aches,  which  often  assume  a  neuralgic  character,  and  are 
generally  unilateral,  though  sometimes  bilateral.  To  this  class 
further  belong  twitching  of  the  muscles  supplied  by  the  facialis, 
transitory  cramps  in  the  tongue  and  lips ;  sometimes,  too,  we 
meet  with  clonic  and  permanent  contractions  in  the  extremities, 
with  buzzing  in  the  ears,  etc.  When  the  bulbus  itself  is  seriously 
irritated,  we  may  observe  epileptoid  convulsions,  vomiting,  dizzi- 
ness, and  singultus. 

After  these  initial  symptoms  have  lasted  for  a  varying  period, 
the  nerves  above  mentioned  show  signs  of  paralysis,  usually 
accompanied  with  atrophy,  and  thus  we  gradually  get  all  the 
symptoms  of  a  '•'■bulbar  paralysis.''''  Paralysis  in  the  extremi- 
ties and  disorders  of  respiration  and  circulation  very  soon  follow. 

But  the  development  of  the  disease  does  not  always  take  this 
course;  sometimes  it  begins  more  acutely — so  rapidl}',  in  fact, 
that  we  are  induced  to  think  of  an  embolus,  thrombus,  or  some 
similar  lesion.  Cases  of  this  nature  are  recorded  by  Hallopeau, 
Bourdon,  Bouchard,  and  others.  In  point  of  fact,  this  acute 
commencement  may  be  caused  by  thrombosis  or  hemorrhage  in 
the  medulla  ;  but  in  the  majority  of  cases  it  results  from  a  rap- 
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idly  developing  and  spreading  myelitis  from  compression,  after 
this  latter  has  reached  a  certain  intensity. 

In  both  cases,  if  the  symptoms  are  well  developed,  we  have, 
in  the  first  place,  paralysis  of  the  bulbar  nerves  and  centra, 
varying  in  extent,  symmetry,  and  intensity  ;  in  the  second  place, 
the  extremities  are  paralyzed — either  a  perfect  hemiplegia,  or, 
when  paraplegia,  the  symptoms  are  more  marked  on  one  side 
than  on  the  other.  Lastly,  we  meet  with  dilferent  degrees  of 
sensory  disorders,  both  in  the  face  and  on  the  trunk  and 
extremities.  But,  at  the  same  time,  there  is  no  sign  of  any 
anterior  parts  of  the  brain  being  complicated,  and  consciousness 
is  generally  quite  unimpaired.  The  optic  nerves  are  never 
alfected,  except  when  the  tumor  is  very  large,  and  so  situated  as 
to  extend  its  influence  thus  far. 

It  is  a  most  striking  fact  that  in  this  disease  we  usually  meet 
with  a  group  of  symptoms  which  are  generally  taken  to  indicate 
bulbar  paralysis,  and  almost  all  the  cases  of  this  nature  have 
been  described  under  the  heading  of  chronic  bulbar  paralysis. 
To  this  class  belong  paralysis  of  the  tongue  and  muscles  of 
articulation,  partial  paralysis  of  the  inferior  branches  of  the 
facialis  (especially  as  regards  the  lips)  and  of  the  soft  palate, 
troubles  of  deglutition,  increased  secretion  of  saliva,  hoarseness 
and  aphonia,  disturbances  of  the  respiration  and  circulation,  and 
occasionally  paralysis  of  the  orbital  muscles  (especially  the 
abducens)  and  the  masticatory  muscles,  anaesthesia  in  the  terri- 
tory of  the  trigeminus,  deafness,  and  singing  in  the  ears  ;  finally, 
we  may  meet  with  vomiting,  singultus,  epileptic  convulsions, 
signs  of  vascular  paralysis.  Stokes'  respiration,  and  a  number  of 
other  symptoms  which  do  not  need  mention.  Of  course,  all  these 
symptoms  do  not  occur,  by  any  means,  in  every  case,  but  only 
one  or  more  at  a  time,  so  that  these  cases  of  slow  compression 
assume  very  various  forms.  This  variability  of  symptoms  is  the 
great  characteristic  which  distinguishes  it  from  "  chronic  progres- 
sive bulbar  paralysis."  This  latter  disease,  which  we  shall 
describe  later  on,  presents  unusually  constant  and  sharply  de- 
fined symptoms. 

To  illustrate  the  variability  of  symptoms  in  slow  compression, 
we  shall  give  the  following  summaries  of  cases  on  record  : 
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BoucJiard's  case:  Compression  of  the  left  pyramid  ;  hemiplegia  of  the  right  side, 
•with  contractures,  followed  by  epilei^toid  convulsions  confined  to  the  left  side.  No 
other  lesiou  found  in  the  brain. 

Hallopsau  :  Compression  of  both  pyramids  ;  consequent  paralysis  of  both  upper, 
and  later,  of  both  lower  extremities,  with  permanent  contractions  and  violent 
remittent  spasms  in  the  members  ;  no  anajsthesia ;  finally,  dyspnoea  and.  asphyxia. 

Hertz  :  Myelitis  from  compression  in  the  decussation  of  the  pyramids ;  motor 
paralysis  of  all  four  extremities,  with  spasms  and  contractures — observed  in  the 
neck  too ;  contracture  of  the  masticatory  muscles ;  speech,  articulation,  and  sen- 
sation unaffected  ;  remarkable  temporary  redness  of  the  face  ;  pain  in  swallowing, 
and  headache. 

Rotter  :  Compression  in  the  region  of  the  inferior  decussation  of  the  pyramids, 
caused  hy  the  odontoid  process  ;  motor  i^aralysis  of  the  extremities  of  the  right  side 
and  of  the  sphincters ;  ejiileptoid  convulsions ;  no  disorder  of  sensation ;  speech 
and  deglutition  unaffected.    (Imperfect  record.) 

Baeh  :  Enchondroma  of  the  base  of  the  skull,  compressing  chirfly  the  nerve  roofs, 
and  hardly  affecting  tlie  bulbus  itself  at  all;  headache;  neuralgia  in  the  trigemi- 
nus ;  convulsive  fits  in  the  lips  and  tongue;  in  a  later  stage,  typical  bulbar  paraly- 
sis, with  paralysis  and  atrophy  of  the  tongue ;  finally,  anresthesia  of  the  face  and 
scalp  ;  extremities  very  little  affected. 

JIubrich  :  A  glioma,  as  large  as  a  walnut,  wedged  in  on  the  left  side,  ietween  the 
medulla,  cerebellum,  and  po?is ;  headaches,  buzzing  in  the  ears,  and  vomiting ; 
troubles  of  deglutition,  and  a  feeling  of  fur  on  the  hands  ;  increased  secretion  of 
saliva  ;  paralysis  of  both  inferior  and  of  the  right  superior  extremities;  no  paraly- 
sis of  the  lips  or  tongue,  but  speech  somewhat  .iffccted  ;  sensation  is  unaffected  ; 
attacks  of  vertigo  and  weakness,  and  finally,  loss  of  consciousness,  -mth  convulsions 
and  passing  blindness.  The  patient  himself  assigned  the  lesion,  with  perfect  accu- 
racy, to  the  point  where  it  was  found  at  the  autopsy. 

Leyden  :  A  cystosarcoma  which  had  forced  its  icay  on  the  right  side,  between  the 
medulla,  cerebellum,  and  j^ons ;  severe  headache;  vertigo;  left-sided  hemiplegia; 
later,  general  weakness  of  all  four  extremities,  with  violent  pain,  bulbar  paralysis, 
paralyzed,  bladder,  and  decubitus. 

Bourdon  :  The  floor  of  the  fourth  ventricle  compressed  by  a  small  tubercle  around 
the  nucleus  of  the  hypoglossua ;  speech  very  much  impaired  (anarthria) ;  all  other 
bulbar  functions  unaffected  ;  sudden  death. 

Morelli:  Tubercle  on  the  floor  of  the  fourth  ventricle;  headache,  giddiness,  im- 
paired vision  ;  paralysis  of  right  facialis  and  right  abducens ;  weakness  of  the  left 
upper  extremity ;  fibrillar  twitchings  in  the  tongue  and  left  massetcr. 

Lamoni:  Glioma  on  the  floor  of  the  fourth  ventricle;  headache,  inclination  to 
vomit,  dyspnoea,  unsteady  gait,  strabismus,  tongue  to  the  left,  difficulty  in  speak- 
ing and  swallowing,  facialis  paralyzed  on  the  left  side ;  no  paralysis  of  the  extrem- 
ities, sensibility  unaffected. 

Ghouppe  (in  Verron's  work,  p.  49) :  Hypertrophy  of  choroid  plexus,  attaining  a 
thickness  of  one  centimetre;  pain  i7i  the  face,  frequent  vomiting,  bilateral  deafness  ; 
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decrease  of  intelligence,  and  amblyopia;  partial  paralysis  of  the  facialis  on  the 
right  side ;  sensibility  unimpaired  ;  later,  delirium ;  contraction  of  the  extremities 
of  the  left  side ;  neither  albumen  nor  sugar. 

Von  liecMinffhausea  :  Hypertrophy  of  the  choroid  plexus,  unattached  in  the  ventri- 
cle; scalp-wound;  later,  loss  of  memory ;  diabetes  mellitus ;  phthisis. 

Bourdoi  (in  Verron's  work,  p.  52) :  Tumor  of  the  choroid  plexus  as  large  as  a 
hazel-nut,  of  firm  tissue,  and  like  a  mulberry;  secondary  softening  of  the  pyra- 
mids; convulsive  movements,  and  tremor  in  the  extremities,  tongue,  and  face, 
rendering  difficult,  too,  the  movements  of  the  eye  and  of  speech;  general  muscular 
weakness;  normal  sensibility ; /?'ontoZ  Aea«?ac^e ;  decrease  of  intelligence;  no  albu- 
men or  sugar;  finally,  continuous  convulsive  contractions,  speech  incomprehensi- 
ble, respiration  and  deglutition  unaffected,  mania,  vomiting,  death. 

Oarrod  (in  Verron's  work,  p.  57) :  Papilloma  of  the  choroid  plexus,  one  and  one- 
half  inches  long,  occupying  the  whole  ventricle,  very  vascular;  wound  on  the 
head;  unsteady  gait;  ataxy;  weak  sight,  and  stagnation  in  the  papilla;  paral- 
ysis of  right  abducens  ;  strength  of  muscles  almost  unaifected,  and  normal  sensibili- 
ty ;  pain  in  the  back  of  neck ;  weakened  intelligence ;  vomiting ;  deafness ;  diffi- 
culty in  swallowing  ;  disturbances  of  respiration  and  circulation  ;  partial  paralysis 
of  the  right  facialis ;  finally,  coma,  general  paralysis,  and  a  terminal  rise  of  tem- 
perature. 

Solhrig^s  cases :  Contraction  of  the  entrance  to  the  spinal  canal ;  probably  in  all 
the  cases  a  very  chronic,  slow  compression  of  the  medulla ;  as  yet  only  found  in 
epileptic  insane,  but  probably  causally  related  to  epilepsy.  But  we  need  more  de- 
tails. 

These  cases  will  suffice  to  give  an  idea  of  the  great  number  of 
different  possible  symptoms,  and  at  the  same  time  show  the  dif- 
ficulties we  have  to  deal  with  and  the  points  to  which  we  must 
hold  fast  in  the  interpretation  of  individual  cases. 

Diagnosis. 

The  diagnosis  of  a  severe  acute  trauma  of  the  medulla  is  sel- 
dom made  during  life,  and  generally  only  after  a  post-mortem 
examination  ;  and  in  the  few  cases  in  which  life  remains  unextin- 
guished for  a  few  hours,  we  must  hesitate  to  make  a  certain 
diagnosis  on  the  very  ground  that  death  did  not  follow  instan- 
taneously. In  the  latter  case  the  probability-diagnosis  can  only 
be  confirmed  by  a  sudden  death.  Even  in  lighter  cases,  where 
the  symptoms  remain  constant,  the  most  careful  estimation  of 
all  the  circumstances  can  hardly  lead  to  anything  more  than  a 
probable  conjecture. 
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The  symptoms  of  slow  compression  are  so  grouped  and  suc- 
ceed one  another  in  such  an  order,  as  to  allow  of  a  diagnosis  in 
many  cases.  Thus,  when  we  observe  a  series  of  initial  symptoms 
of  irritation  in  the  bulbar  nerves,  sharply  confined  to  certain 
nervous  tracts  ;  and  then  in  the  same  tracts  symptoms  of  paral- 
ysis which,  perhaps  at  an  early  stage,  prove  on  electrical  exami- 
nation to  be  peripheral ;  when  we  meet  with  giddiness,  violent 
headache,  vomiting,  and  epileptic  convulsions  ;  and  when,  later, 
these  are  followed  by  the  typical  symptoms  of  bulbar  paralysis, 
complicated  with  paralj'^sis,  twitching,  and  contractures  in  the 
extremities  ;  and  if  these  symptoms  of  paralysis  show  a  disposi- 
tion to  spread  rapidly  ;  if  they  are  rather  unsymmetrical  on  the 
two  sides ;  and  if,  finall}'-,  the  sensorium  is  unaffected — in  such  a 
case  we  may  assume  a  gradually  increasing  compression  from 
without  with  considerable  certainty. 

But  it  is  different  when  the  initial  symptoms  are  absent  or 
very  trifling,  and  we  suddenly  meet  with  all  the  symptoms  of  an 
"acute  bulbar  paralysis"  (see  next  paragraph)  simultaneously 
with  the  development  of  a  myelitis  from  compression  or  the  oc- 
currence of  hemorrhage  or  thrombosis.  Here  it  would  be  impos- 
sible to  make  a  certain  diagnosis,  though  perhaps  there  might  be 
a  possibility,  by  means  of  more  accurate  investigation,  of  finding 
some  previous  suspicious  symptoms  from  which  we  might  con- 
jecture that  it  was  not  an  actual  case  of  so-called  primary  acute 
bulbar  paralysis,  but  only  a  secondary  one,  originating  from  com- 
pression from  without. 

The  chronic  cases  are  easiest  and  of tenest  confounded  with 
Duchenne^s  clironic  bulbar  paralysis.  In  our  opinion  it  is  not 
so  very  difficult  to  distinguish  between  the  two  forms,  provided 
that  we  understand  Duchenne's  disease  as  a  well-characterized 
and  sharply-defined  form,  and  not  merely  any  chronic  paralysis 
of  the  bulbar  nerves  and  centres  whatsoever.  We  shall  discuss 
this  point  more  in  detail  in  Paragraph  5,  under  the  head  of 
Chronic  Progressive  Bulbar  Paralysis. 

Cases  of  slow  compression  of  the  anterior  half  of  the  medulla 
alone,  where  the  pyramids  are  mainly  involved,  exhibit  a  very 
striking  likeness  to  spastic  spinal  paralysis,  so  that,  when  the 
disease  is  fully  developed,  the  resemblance  is  almost  complete 
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(compare  Hallopeau's  case,  1.  c,  p.  121).  Still,  in  most  cases  it 
will  be  possible  to  draw  a  distinction,  though,  of  course,  it  cannot 
be  a  reliable  one  until  we  become  acquainted  with  the  anatomi- 
cal lesion  which  causes  spastic  spinal  paralysis.  The  points  of 
distinction  are  :  the  sudden  commencement  of  the  paralysis,  the 
fact  that  it  appears  first  in  the  upper  extremities,  and  that  it  is 
followed  later  by  actual  bulbar  symptoms,  dyspnoea,  paralysis 
of  the  tongue,  difficulty  of  swallowing,  etc. 

But,  even  when  we  do  diagnose  slow  compression  of  the  me- 
dulla, there  still  remains  the  difficulty  of  determining  its  cause. 
Here  we  must  proceed  on  general  principles.  It  often  happens 
that  we  find  characteristic  symptoms  which  enable  us  to  say 
whether  it  is  a  case  of  caries  of  a  cervical  vertebra,  an  aneurism 
of  the  basilar  artery,  a  tumor  within  the  skull,  or  syphilis.  Still, 

too,  these  frequently  fail  us.  .    ,        p  .»/i-ot"i 

L-u  L  ^  b  o<    CO  riNi 

f.^DICO-CHlRURCICAL  SUUi. 
Prognosis. 

Every  severe  acute  injury  to  the  medulla  causes  instant 
death ;  and  smaller  lesions,  too,  are  usually  extremely  danger- 
ous, because  the  traumatic  inflammation  and  softening  conse- 
quent on  them  often  lead  rapidly  to  a  fatal  termination.  We 
can  seldom  hope  for  any  long  duration  of  life. 

The  prognosis  of  slow  compression  of  the  medulla  is,  of  course, 
dependent  upon  the  cause  of  the  compression  ;  but  in  most  cases 
it  may  be  pronounced  absolutely  fatal,  as  most  of  the  processes 
in  this  category  follow  an  uninterruptedly  progressive  course. 
The  prognosis  of  the  quickness  or  slowness  of  the  disease  in  pro- 
ducing death  depends,  on  the  one  hand,  upon  the  rate  at  which 
the  structure  grows,  and,  on  the  other  hand,  upon  the  point  at 
which  the  medulla  is  attacked,  and  whether  the  vital  centres 
come  at  once  or  only  slowly  under  the  influence  of  compression. 

We  may  fonn  a  prognosis  not  absolutely  fatal  in  cases  of 
simple  caries  (as  restitution  is  possible),  in  arthritis  deformans, 
and  in  syphilitic  tumors. 

It  naturally  needs  an  exceedingly  careful  estimation  of  every 
circumstance  and  symptom  before  we  can  form  a  prognosis  for 
each  individual  case. 
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Treatment. 

Little  can  be  said  on  this  head.  Acute  injuries  to  the  medulla 
must  be  treated  in  the  same  way  as  similar  ones  of  the  spinal 
cord. 

Causal  treatment  is  the  chief  and  only  method  -which  prom- 
ises success  in  slow  compression.  We  can  find  elsewhere  what 
is  to  be  done  in  cases  of  caries,  syphilis,  aneurisms,  tumors,  etc. 
We  must  take  a  purely  symptomatic  course.  But,  when  the 
diagnosis  is  uncertain,  it  would  be  advisable  to  have  recourse  to 
a  number  of  empiric  remedies. 

4.  Acute  Inflammation  of  the  Medulla  Oblongata. — Myelitis 
Bulbi  Acuta. — Acute  Bulbar  Paralysis. 

Abercromhie,  Abscess  of  the  Medull.  Oblong.  Diseases  of  the  Brain  and  Spinal 
Cord.  p.  103.  Edin.  4th  ed.  1846. — Lange,  Om  acute  Bulbarparalyse.  Hosp. 
Tidende.  1868.  Nos.  51-53.  Jahresberichte  pro  1868.  II.  p.  4Q.—Meynert,  Ab- 
scess in  der  Varolsbriicke,  etc.  Oesterr.  Zeitschr.  f.  prakt.  Heilk.  1863.  No.  24. 
— Rosenthal,  loc.  cit. — Leyden,  Klin,  der  Rllckenmarkskrankh.  II.  p.  157.  1875. 
— Leyden,  Zwei  Fiille  acuter  Bulbarparalyse.  Arch.  f.  Psych,  u.  Nerv.  VII.  p. 
44.  1876. — Lichtheim,  Ueber  apoplektiforme  Bulbarparalyse,  etc.  Deutschea 
Archiv  f.  klin.  Med.  XVIII.  1876. 

It  is  only  in  the  last  few  years  that  this  disease  has  received 
its  due  share  of  attention.  Under  the  heads  of  apoplexy,  embo- 
lism, myelitis  from  compression,  and  traumatic  myelitis  of  the 
bulbus,  we  have,  in  the  preceding  paragraphs,  treated  of  ' '  apo- 
plectiform bulbar  paralysis."  But  there  still  remain  individual 
cases  of  great  interest,  and  which  must  most  probably  be  re- 
garded as  primary  acute  myelitis  bulbi.  Leyden  was  the  first 
who  drew  our  attention  to  this  form,  and  he  illustrated  it  with 
an  accurate  description  of  three  cases. 

The  other  cases,  which  are  scattered  over  the  literature  of  the  subject,  cannot  be 
well  taken  into  consideration :  Abercrombie's  case  of  an  abscess  appeara  to  have 
been  a  tubercle,  and  must  consequently  bo  excluded ;  Meynert  describes  an  acute 
abscess,  but  his  case  was  complicated  with  basilar  meningitis ;  Lange's  two  cases 
are  doubtful,  and  perhaps  belong  to  another  form  of  disease.  So  there  only  remain 
to  us  Leyden's  tliree  interesting  cases,  and  we  have  taken  them  as  groundwork  for 
our  description. 
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We  shall  bring  together  under  this  head  the  processes  in  the 
medulla  oblongata  of  relatively  acute  and  primary  origin,  which 
may  fairly  be  designated  as  inflanimational.  On  the  other  hand, 
we  do  not  include  forms  of  secondary  origin,  such  as  the  bulbar 
processes,  which  originate  in  acute  ascending  myelitis,  and  usu-' 
ally  bring  about  the  fatal  termination  of  acute  central  myelitis, 
and  ascending  poliomyelitis  anterior  subacuta.  Nor  can  we  in- 
clude the  myelitic  centres  we  find  in  the  oblongata  in  cases  of 
basilar  meningitis. 

Etiology. 

The  causes  of  acute  bulbar  mj'-elitis  are  still  almost  unknown. 
If  we  put  out  of  consideration  the  myelitides  ascending  from  the 
spinal  cord,  and  also  basilar  meningitis  and  emboli  as  causes  of 
centres  of  softening,  we  have  nothing  further. 

In  Leyden' s  first  case  he  could  adduce  no  cause  ;  in  his  second 
he  assumes  an  embolus  as  the  probable  origin,  but  no  embolus 
was  found ;  it  was  preceded  by  rheumatic  arthritis.  His  third 
case  was  a  hard  drinker,  who  had  suffered  greatly  from  rheuma- 
tism, but  had  no  peculiar  antecedents. 

Pathological  Anatomy. 

Rather  small  centres  of  softening,  without  definite  boundaries, 
were  found  in  the  medulla  in  all  three  cases.  In  two  cases  noth- 
ing abnormal  could  be  seen  on  the  fresh  specimens  with  the 
naked  eye,  either  in  the  form,  color,  or  consistence  of  the  me- 
dulla. But  in  the  third  case,  even  without  the  microscope,  a  cen- 
tre of  extravasation  could  be  plainly  seen,  dotted  with  numerous 
small  extravasations.  When  the  specimens  were  hardened,  how- 
ever, the  position  and  size  of  the  myelitic  centres  were  easily 
recognized. 

An  accurate  examination  gave  the  following  results  : 

Cask  I. — Woman,  thirty-six  years  of  age.  Region  of  the  pyramids  and  olivary 
bodies  covered  with  numerous  small  extravasations ;  all  around  the  softened  sub- 
stance was  of  a  gray  and  reddish  yellow  tinge.  These  centres  were  found  from 
above  the  decussation  of  the  pyramids  up  to  tlie  inferior  position  of  the  pons,  occu- 
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pyiug  especially  the  so-called  internal  fields  of  the  medulla,  and  were  more  numer- 
ous on  the  left  side  than  on  the  right ;  on  the  left  side  changes  had  taken  place 
between  the  roots  of  the  vagus  and  accessorius.  Microscojncally  the  vessels  were 
found  to  be  hypertrophied,  and  surrounded  partly  with  numerous  cells  and  partly 
with  extravasations  of  blood.  The  nervous  substance  was  in  a  state  of  inflamma- 
tional  disintegration,  and  full  of  pus-cells,  corpuscles  of  Gluge,  parenchymatous 
centres  of  myelitis  (swollen  axis-cylinders,  etc.) — in  fact,  a  form  of  vijiammational 
disintegration  with  capillary  hemorrliage. 

Case  II. — Woman,  fifty-two  years  of  age.  In  the  right  half  of  medulla  a  small 
centre  of  softening,  situated  between  the  restiform  body,  the  olivary  body,  and  the 
roots  of  the  hypoglossus,  shaped  like  an  olive,  without  any  boundary  above  or  be- 
low. Consequently  it  affected  chiefly  the  roots  and  nuclei  of  the  vagus,  glossopha- 
ryngeus  and  accessorius  ;  the  substance  of  the  restiform  body,  too,  was  very  much 
involved.  Microscopic  examination  showed  considerable  cellular  infiltration,  with 
softening  and  swelling  of  the  nervous  tissues.  Cells  were  large  and  round,  and 
possessed  several  nuclei,  and  there  were  a  few  corpuscles  of  Gluge.  The  adventitia 
of  the  vessels  was  full  of  cellular  elements.  In  this  case  a  commencing  injlamma- 
tional  (embolic  ?)  softening. 

Case  III. — Man,  sixty-two  years  of  age.  Centre  of  softening  in  the  internal 
fields  of  the  medulla,  extending  from  the  floor  of  the  fourth  ventricle  into  the  pyra- 
mids, and  from  the  centre  of  the  olivary  bodies  to  its  anterior  extremity,  tapering 
to  a  point  anteriorly  and  posteriorly.  Under  the  microscope  the  structure  could  hardly 
be  recognized,  the  tissue  showing  a  tendency  to  disintegration ;  few  corpuscles  of 
Gluge ;  reactive  demarcation  on  the  periphery,  i.  e.,  parenchymatous  myelitis, 
swollen  axis-cylinders  and  cellular  infiltration.  Acute  softening  of  inflaramational 
character  ? 

These  cases  undoubtedly  prove  the  existence  of  recent  small 
centres  of  inflammation  in  the  medulla,  which  in  two  cases  occu- 
pied the  internal,  and  in  the  other  the  lateral  field.  Further 
observations  must  of  course  be  awaited,  bringing  with  them 
more  knowledge. 

Symptoms. 

Taking  up  these  three  cases,  we  can  draw  up  the  following 
desGription  of  the  disease:  The  commencement  appears  to  be 
always  acute  and  rather  sudden,  accompanied  by  headache,  gid- 
diness ;  occasionally,  too,  by  vomiting  or  violent  singultus,  diffi- 
culty in  swallowing  and  speaking,  parsesthesia,  and  symptoms  of 
weakness  in  the  head  and  extremities.  But  there  is  never  any 
disturbance  in  the  sensorium,  loss  of  consciousness,  or  apoplec- 
tic attack. 
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After  a  short  time  more  or  less  developed  and  severe  symp- 
toms of  bulbar  paralysis  make  their  appearance,  whicli  affect  the 
different  functions  of  the  bulbus  in  different  degrees,  according 
to  the  situation  of  the  lesion. 

In  one  case  swallowing  was  impossible,  in  the  other  the  pa- 
tient could  only  swallow  Avith  the  greatest  difficulty.  Then, 
again,  the  tongue  is  either  paralyzed  or  almost  unaffected,  whilst 
articulation  is  more  or  less  disturbed.  Symptoms  of  paralysis 
in  the  region  of  the  inferior  facialis  and  in'the  soft  palate  varied 
in  intensity,  and  were  sometimes  bilateral,  sometimes  more  uni- 
lateral. Usually,  at  quite  an  early  date,  there  were  very  marked 
symptoms  of  disturbance  of  respiration  (quick,  irregular  and 
halting  breathing,  dyspncEa,  feeling  of  oppression,  cyanosis)  and 
of  circulation  (rapid,  small  and  irregular  pulse,  with  intermis- 
sions, etc.). 

Besides  this,  there  were  frequent  vomiting,  troublesome  sin- 
gultus, fits  of  coughing,  violent  headaches,  small  differences  in 
the  pupils,  etc. 

The  symptoms  are  rendered  complete  by  more  or  less  con- 
siderable affection  of  the  extremities,  which  can,  however,  vary 
greatly  according  to  the  position  and  extent  of  the  lesion ;  this 
affection  consists  in  partial  paralysis  of  some  or  all  four  extrem- 
ities, sometimes  in  hemiplegia  (when  the  process  approaches  or 
involves  the  pyramids).  When  the  pyramids  are  spared  we  have 
no  symptoms  at  all  of  paralysis,  or  very  trifling  ones.  In  one 
case  signs  of  loss  of  co-ordination  were  observed  (destruction  of 
the  fibrse  arcuatae  ?). 

Sensibility  was  objectively  scarcely  affected ;  subjectively 
complaints  were  made  of  pains  and  formications  in  the  limbs 
(funiculi  restiformes  involved  \). 

The  bladder  and  rectum  may  become  paralyzed  at  a  later 
stage.  In  Cases  2  and  3  there  was  a  slight  fever,  38.8°  C.  (97.9°  F.) 

Neither  epileptic  convulsions  nor  tonic  or  clonic  contractions 
of  the  muscles  have  yet  been  recorded. 

In  its  further  course  the  disease  makes  rapid  progress ;  the 
disturbances  of  circulation  and  respiration  increase  ;  the  patient 
becomes  unconscious,  and  plainly  collapses ;  death  results  from 
paralysis  of  respiration  and  asphyxia. 
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The  duration  of  the  disease  is  short  (four,  six,  or  ten  days). 

It  is  not  decided  whether  death  is  the  one  invariable  result  of 
the  disease.  For  the  present  we  should  scarcely  venture  to  make 
the  diagnosis  until  we  obtain  a  post-mortem  examination,  in 
order  thus  to  fix  the  symptoms  and  render  the  diagnosis  pos- 
sible in  succeeding  cases.  It  will  not  be  possible,  before  this  has 
been  done,  to  say  whether  other  cases  (as  is  quite  possible  and 
even  probable)  take  a  more  favorable  course  and  result  in  con- 
valescence.   At  presefit  nothing  certain  is  known  of  this. 

Diagnosis. 

It  is  certainly  not  very  difficult  to  recognize  an  "acute  bulbar 
paralysis,"  i.  e.,  an  acute  pathological  process  in  the  medulla  ob- 
longata. But  it  is  really  difficult  to  say  what  the  process  is,  and 
to  distinguish  it  from  hemorrhage,  embolism,  or  rapidly  develop- 
ing myelitis  from  compression. 

The  following  points  may  perhaps  be  taken  as  indicative  of 
primary  acute  myelitis  bulbi :  no  foregoing  or  initial  symptoms, 
no  loss  of  consciousness,  no  convulsions,  and  moderate  fever  ; 
rather  gradual  development  of  the  paralysis  and  the  complete 
set  of  symptoms,  a  matter  of  at  least  hours  or  days  ;  rapid 
change  for  the  worse. 

Of  course,  nothing  decisive  can  be  said  till  we  have  collected 
more  cases. 

Prognosis. 

The  same  may  be  said  of  the  prognosis,  for  it  is  impossible 
to  draw  conclusions  sufficient  to  form  a  prognosis  from  three 
cases  which  all  terminated  fatally. 


Treatment 

The  principles,  means  and  methods  which  we  have  treated  of 
in  the  chapter  on  the  therapeutics  of  acute  spinal  myelitis  (supra^ 
section  9),  may  be  applied  to  the  treatment  of  bulbar  myelitis. 
We  would  recommend,  too,  comparison  with  what  has  been  said 
of  the  treatment  of  paralysis  ascendens  acuta  (supra,  section  17.) 
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6.  Chronic  Progressive  Bulbar  Paralysis  (Wachsmuth). — Pro- 
gressive  Mxtscular  Paralysis  of  the  Tongue,  Soft  Palate,  and 
Lips  (Duchenne). — Paralysis  Glosso-lahio-laryngea  (Trous- 
seau).— Progressive  Atrophic  Bulbar  Paralysis  (Ley den). — 
Progressive  Bulbo-nuclear  Paralysis  (Kussmaul). — Primary 
Atrophy  of  the  Motor  Nuclei  (Hallopeau). 

Buchenne  (de  Boulogne),  Paralysie  musculaire  progressive  de  la  langue,  du  voile  du 
palais  et  deslfevres.  Arch  g^nfer.  1860.  Vol.  IL  pp.  283  and  431.— De  1' electri- 
sation localisde.  2.  6dit.  18G1.  p.  621.— 3.  €dit.  1872.  p.  5U.—Dumenil,  Gaz. 
liebdom.  1859.  24  Juin.  p.  390. — Trousseau,  Paralysis  glosso-laryngea.  Clin. 
m€d. —  Wachsmuth,  Ueber  progress.  Bulbarparal3'se  u.  Diplegia  facialis.  Dorpat, 
1864. — B.  Schuh,  Beitr.  z.  d.  Motilitatsstorungen  der  Zunge.  Wien.  med. 
Woch.  1864.  Nos.  38  and  39. — Qerhardt,  Capillarektasie  im  Pons  Varoli.  Jen. 
Zeitschr.  f  Med.  and  Naturwiss.  L  p.  196.  1864. — De  Bonnefoy,  De  la  paralysie 
glosso-laryngfe.  Th&se.  Paris,  1866. — Mignard,  De  la  paralysie  dite  glosso- 
labio-laryn.  Th^se.  Strasbourg,  1867. — Huber,  Zur  Gescliichte  der  Paralys. 
glosso-lab.-lar.  Deutsches  Arch.  f.  klin.  Med.  IL  p.  520.1867. — <7. /Siein,  Dop- 
pelseit.  Lahmung  des  Nerv.  fac.  u.  hypogloss.  nebst  allgem.  prog.  Muskelatro- 
phie.  Ibid.  VI.  p.  593.  1869. — Ley  den,  Vorl.  Mitt,  uberprogr.  Bulbarparalyse. 
Arch.  f.  Psych,  und  Nerv.  11.  p.  423.  1870. — Ueber  progr.  Bulbarparalyse.  Ibid, 
n.  p.  643.  1870  ;  and  III.  p.  338.  1872. — Charcot,  Note  sur  un  cas  de  paralysie 
glosso-lar.  suivi  d'autopsie.  Arch,  de  Physiol,  norm,  et  path.  III.  p.  247.  1870. 
— Duchenne  et  Joffroy,  De  I'atrophie  aigut5  et  chron.  des  cellules  nerv.  de  la 
moelle  6pin.  et  du  bulbe  rhachid.  S  propos  d'une  observ.  de  paral.  glosso-lab.- 
lar.  Ibid,  m.  p.  499.  IQIO.—  Wilks,  Guy's  Hosp.  Rep.  XV.  1870.  p.  2.— Hun, 
Labio-glosso-lar.  Paralysis.  Americ.  Journ.  of  Insan.  1871. — Krishdber,  L'anes- 
th6sie  de  la  sensib.  r^exe  des  voies  ai5r.  et  digest,  commc  signe  prdcurseur  de 
la  paral.  l.-gl.-lar.  Gaz.  hebd.  1872.  p.  772. — A.  Eulenburg,  Lehrb.  d.  funct. 
Nervenkrankh.  1871.  p.  5i9. —Oheadle,  Glosso-lab.-lar.  Paralysis.  St.  George's 
Hosp.  Rep.  V.  p.  123.  187L—Benedikt,  Elektrotherapie.  1868.  p.  217.— Nerven- 
path.  u.  Elekt.  1876.  p.  640.— Zur  Casuistik  d.  progr.  Lahmung  d.  Gehirn- 
nerven.  Deutsch.  Arch.  f.  klin.  Med.  XL  p.  210.  1872.— Fall  von  diffus.  Neuritis 
centralis.  Ibid.  XIIL  p.  94.  1874.— ZocMar<  Clarke,  Progress.  Muscul.  Atrophy, 
etc.  Mcdico-chir.  Trans.  Vol.  56.  p.  103.  IS'TS.  —  Friedreich,  Ueber  progr. 
Muskelatrophie,  etc.  Berlin,  1873.  p.  322.—^.  IToering,  Ueber  paralysis  glosso- 
ph.-lab.  Diss.  Tubingen,  1870.— Bltimenthal,  RCflex.  sur  la  mal.  d6cnte  par 
M.  Duchenne,  etc.  Gaz.  des  hop.  1872.  No.  lid.— Bo^ir don,  Etudes  sur  les 
mal.  du  bulbe  rhach.  Bull,  de  I'Acad.  de  MCd.  1872.  No.  7.— Gaz.  liebd.  1872. 
No.  22.  p.  354.— Dcc/tery,  Quclqucs  formes  d'atroph.  et  de  paralysie  glosso- 
laryng.  d'origine  bulbaire.  Thfese.  Paris,  1970.— Kussmaul,  Ueber  fortschreit. 
Bulbarparalyse  und  ihr  Verhaltn.  z.  progr.  M.-Atrophie.  Volkmann's  Samml. 
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klin.  Vortr.  No.  54.  1873.— JJf.  Rosenthal,  loc.  cit.  IQU—Leyden,  Klin.  d. 
Riicken.  IL  p.  509-525.  1876. — Hammond,  Diseases  of  thcNerv.  System.  6th  ed. 
p.  502.  1876.  Charcot,  Le9.  sur  les  inal.  d.  syst.  nerv.  Tom.  11.  1877.— Hitzig, 
Fall  von  angeborn.  Bulbarparal.  Berl.  klin.  "Woch.  1874.  No.  37,  p.  465. — 
B.  Maier,  Fall  von  fortschreitender  Bulbarparalyse.  Viich.  Arch.  Bd.  61.  p.  1. 

1874.  —  Ilahershon,  Glosso-laryug.  Paralysis.  Guy's  IIosp.  Reports.  XX.  p. 
334.  1875. —  Winge,  Case  of  Duchenne's  Disease.  Norsk.  Mag.  for  Lagevid. 
R  3.  B.  4.  (Virchow-Hirsch's  Jahresberi elite  for  1874.  II.  p.  127).— Maj'huay, 
Zur  Lehre  von  der  progr.  Muskelatrophie  nnd  progr.  Bulbarparal.  Diss. 
Breslau,  1874.  Hallopeau,  Des  paralysies  bulbaires.  Th^se  de  I'agrCgat.  Paris, 

1875.  — Dowse,  Bulbar  paralysis.  Brit.  Med.  Journ.  1876.  Nov.  11. — i'ba;,  Case 
of  Bulbar  Paralysis.  Brit.  Med.  Jour.  1876.  Nov.  11. — Fox,  Case  of  Bulbar 
Paralysis.  Ibid.  Nov.  11. — R.  Kayser,  Zur  Lehre  von  der  progr.  Bulbarparal. 
Deutsches  Archiv  f.  klin.  Med.  XIX.  p.  145.  1877. — Poincare,  Le  syst&me 
nerveux  central.  2.  6d.  Vol.  I.  p.  291.  1877. — Orasset,  Malad.  du  systfeme 
nerveux.  1878.  p.  433. 


Introductory.  Historical. 

The  form  of  disease  which  we  shall  discuss  in  this  paragraph, 
in  spite  of  its  relatively  short  existence  in  the  records  of  science, 
has  accumulated  quite  a  large  literature,  and  can  boast  of  an 
equally  long  list  of  different  names  which  it  has  received. 

It  is  beyond  dispute  to  Duchenne  that  we  owe  the  first  de- 
scription of  this  disease,  as  an  individual  and  defined  clinical 
form.  It  of  course  stands  to  reason  that  the  disease  was  observed 
by  others  before  this ;  but  the  men  (Trousseau,  Tuerck,  Dumenil) 
who  observed  it  did  not  treat  it  as  a  special  form.  Duchenne  at 
first  gave  an  accurate  clinical  description  founded  on  a  number 
of  cases,  but  did  not  know  anything  of  the  nature  of  the  patho- 
logical lesion.  Although  often  accompanied  by  progressive  mus- 
cular atrophy,  he  regarded  the  two  as  totally  different.  The  one 
disease  consisted  in  a  primary  atrophy  without  paralysis, 
whereas  the  glosso-labio- laryngeal  paralysis  was  a  primary 
paralysis  without  atrophy. 

In  the  next  few  years  a  large  number  of  cases  were  recorded, 
some  of  them  with  autopsies,  which  did  not,  however,  reveal  the 
real  situation  of  the  lesion,  but  only  allowed  the  assumption  of 
a  progressive  atrophy  of  the  nerve-roots  as  foundation  for  the 
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symptoms.  But  in  tlie  year  1861'  Baerwinkel  casually  pointed 
out  that  the  seat  of  the  disease  should  probably  be  looked  for  in 
^  the  central  nervous  system,  especially  in  the  medulla  oblongata. 
Schulz  (1864)  referred  it  with  the  greatest  distinctness  to  the  me- 
dulla, on  both  sides  of  the  raphe,  but  restricted  it  to  the  region 
of  the  facialis.  Wachsmuth  in  his  admirable  treatise  (1864) 
declared  most  distinctly,  on  theoretical  grounds,  that  at  the  next 
autopsy  the  origin  of  the  disease  would  most  certainly  be  found 
in  the  bulbus  medullse  ;  and  in  place  of  Duchenne's  laborious  title 
he  proposed  to  call  it  "progressive  bulbar  paralysis,"  a  name 
which  has  since  then  been  universally  adopted.  Wachsmuth  ex- 
pected to  find  a  lesion  not  alone  of  the  gray  nuclei  on  the  floor 
of  the  fourth  ventricle,  but  also  a  notable  change  in  the  olivary 
bodies.  But  later  investigations  only  confirmed  the  former,  and 
this  they  have  done  completely.  But  it  was  some  years  before 
the  confirmation  came.  At  an  autopsy  which  Bonnefoy  made 
(1866),  he  found  sclerosis  of  the  medulla  with  increase  of  con- 
nective tissue ;  but  the  investigation,  which  can  only  be  carried 
out  properly  with  the  aid  of  modern  methods,  was  very  imperfect. 

Decisive  results  were  first  obtained  in  1869,  and  published  in 
1870,  by  Charcot  in  France,  and  by  Leyden  in  Germany,  after 
Charcot  and  Joffroy  had  pointed  out  (1869)  in  two  cases  of  pro- 
gressive muscular  atrophy  the  signification  of  the  disappearance 
of  the  ganglion -cells  of  the  bulbar  nuclei  in  atrophic  paralysis  of 
the  tongue  and  lips.  The  results  obtained  by  Charcot  and  Ley- 
den agreed  pretty  well  in  all  important  points.  The  French 
authors,  however,  laid  particular  stress  on  the  atrophy  and  dis- 
appearance of  the  ganglion-cells,  asserting  this  to  be  an  essential, 
and  sometimes  even  the  primary  and  only  change  in  bulbar  paral- 
ysis. Since  this  further  anatomical  investigations  have  been 
made  (Duchenne  and  Joffroy,  Gombault,  K..  Maier,  and  others), 
which  merely  confirmed  the  former  views  without  as  yet  solving 
the  question  of  the  primary  or  secondary  nature  of  the  process 
in  the  ganglion-cells  of  the  gray  bulbar  nuclei. 

The  numerous  cases  which  have  been  recorded,  and  the  com- 
prehensive descriptions  of  the  disease,  have  since  then  thrown 
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considerable  clearness  over  the  matter.  Amongst  the  latter  Knss- 
maul's  excellent  treatise  (translated  by  the  Sydenham  Society, 
1877)  deserves  special  mention,  giving  a  most  thorough  investi- 
gation of  the  pathological  physiology  of  the  disease.  Kassmaul 
proposes  the  name  of  "progressive  bulbo-nuclear  paralysis,"  on 
the  ground  of  the  pathological  results. 

It  is  beyond  doubt  that  even  at  the  present  day  a  number  of 
non-related  diseases  are  classed  under  this  name  and  its  syno- 
nyms. So  we  shall  follow  the  example  of  the  better  authors, 
and  include  only  one  form  with  perfectly  defined  clinical  symp- 
toms^ and  with  an  equally  definite  anatomical  lesion^  under  the 
name  of  progressive  bulbar  (or  bulbo-nuclear)  paralysis. 

Adopting  this  name,  we  shall  describe  a  form  of  disease  which 
very  frequently  takes  a  chronic  course,  and  is  always  character- 
ized by  the  most  striking  regularit}'".  The  following  are  its  clin- 
ical SYMPTOMS :  Progressive  paralysis  and  atrophy  of  certain 
muscles  which  derive  their  nervous  supply  primarily  from  the 
bulbus,  i.  e.,  the  tongue^  the  lips^  the  soft  palate^  pharynx,  and 
larynx;  and  in  consequence  of  this,  disturbances  of  articulation, 
speech,  mastication,  deglutition,  and  of  the  voice;  later  on, 
spreading  of  the  paralysis  to  other  important  bulbar  functions 
(especially  the  respiratory  function),  and  frequent  combination 
with  progressive  muscular  atrophy.  The  anatomical  basis 
consists  in  degenerative  atrophy  of  the  gray  nuclei  in  the  floor 
of  the  fourth  ventricle,  and  often  other  extensive  sclerotic  pro- 
cesses in  the  medulla  and  spinal  cord,  and  degenerative  atrophy 
of  the  paralyzed  nerves  and  muscles. 

We  shall  deal  in  the  following  paragraphs  exclusively  with 
this  form.  This  excludes  all  those  cases  which,  though  they  ex- 
hibit certain  bulbar  paralytic  symptoms,  do  not  give  the  pure, 
defined,  and  constant  symptoms  of  progressive  bulbar  paralysis, 
and  are  the  result  of  a  different  anatomical  lesion  (compression 
of  the  medulla,  or  neoplasmata  in  it,  etc.). 

Pathogenesis  and  Etiology. 

There  is  as  yet  nothing  known  of  the  exact  mode  in  which 
the  pathological  process  which  we  have  just  described  takes 
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place,  and  the  special  causes  of  it  have  been  very  meagrely  inves- 
tigated. 

Under  the  head  of  predisposing  causes,  neuropatJdc  diathesis^ 
or  general  nervous  disposition,  deserves  mention,  though  it  cer- 
tainly does  not  play  a  prominent  part. 

The  period  of  life  is  of  more  importance — progressive  bulbar 
paralysis  being  a  disease  of  maturity  and  old  age,  and  seldom 
occurring  before  the  fortieth  year  ;  most  frequently  between  this 
and  the  seventieth  year. 

Out  of  nine  undoubted  cases  there  was  only  one  patient  under  forty  ;  this  was  a 
girl  of  twenty.  Hitzig's  case  of  a  child  six  years  old  most  undoubtedly  belongs 
to  another  class  of  disease.  The  case  Kayser  records  of  a  twelve  year  old  boy  is,  to 
say  the  least,  doubtful,  and  was  not  confirmed  by  the  autopsy.  Even  "Wachsmuth's 
case — a  girl  seventeen  years  of  age — admits  of  doubt  on  account  of  the  presence 
of  unusual  symptoms  (paralysis  of  the  superior  branches  of  the  facialis,  loss  of 
faradic  irritability  of  the  nerves  and  muscles,  absence  of  any  motor  disturbances  in 
the  tongue) ;  tlie  first  mentioned  symptom,  however,  was  present  in  my  own  case  of 
the  girl  of  twenty.  In  any  case,  the  occurrence  of  the  disease  in  young  people  must 
be  regarded  as  a  great  rarity. 

The  male  sex  seems  more  liable  than  the  female  to  the  dis- 
ease ;  of  the  cases  on  record,  by  far  the  greater  number  are  males. 
The  disease  occurs  in  all  ranlis  of  society,  from  the  highest  to  the 
lowest,  and  in  every  profession. 

The  exciting  cause  most  frequently  adduced  is  catching  cold; 
and  some  of  the  cases  undoubtedly  owe  their  origin  to  this,  and 
I  can  produce  three  observations  of  my  own  as  witnesses.  (The 
above-mentioned  girl  of  twenty  years  of  age  attributed  the  dis- 
ease to  a  severe  cold  she  caught  during  menstruation  ;  a  midwife 
exposed  herself,  on  the  occasion  of  a  troublesome  delivery,  to  a 
bad  cold,  etc.) 

The  same  undoubted  influence  is  exercised  by  violent  and 
continuous  mental  excitement^  bodily  and  mental  overexertion, 
e.  g.^  in  nursing  patients,  excessive  mental  activity,  or  straining 
of  the  muscles  affected  in  the  disease  (continuous  playing  of  wind- 
instruments,  long  reading  with  a  loud  voice,  etc.).  To  the  same 
category  belong  restricted  circumstances — stinted  nourishment. 

It  has  not  yet  been  proved  whether  progressive  bulbar  paraly- 
sis ever  originates  in  a  slight  shock  of  the  medulla  from  a  fall, 
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especially  on  the  feet  or  nates,  or  even  on  the  head  without  in- 
jury to  the  skull.  And  the  same  may  be  said  of  the  influence  of 
syphilis^  excessive  smoking,  and  other  causes  that  have  been 
asserted. 

It  often  happens  that  allied  pathological  processes  spread 
from  the  spinal  cord  into  the  medulla,  and  thus  combine  with 
progressive  bulbar  paralysis ;  this  is  undoubtedly  the  case  with 
amyotrophic  lateral  sclerosis  and  progressive  muscular  atrophy. 
But  in  many  cases  no  cause  for  the  disease  can  be  asserted. 

Pathological  Anatomy. 

It  is  by  no  means  an  easy  matter  to  detect  the  changes  in  the 
bulbus  with  the  naked  eye.  It  frequently  happens  that  for  the 
naked  eye  there  is  nothing  there  to  be  seen  in  the  fresh  state,  not 
the  slightest  alteration  of  form,  color,  or  consistency. 

Often  we  can,  however,  notice  that  the  medulla  is  reduced  in 
size,  or  unsymmetrical  from  general  or  partial  atrophy ;  here  and 
there,  too,  an  unusual  hardness  or  an  abnormal  want  of  firmness. 

We  can  generally  detect  a  slight  gray  decolorization  in  some 
parts  of  a  section,  and  a  cloudiness  and  want  of  definition  in  the 
structure.  But  this  is  not  brought  out  properly  till  the  speci- 
men has  been  hardened  in  chromic  acid ;  though  even  this  seldom 
gives  absolutely  certain  results. 

In  almost  every  case,  however,  the  atrophy  and  gray  de- 
colorization of  several  nerve-roots  given  off  from  the  medulla  is 
very  striking  ;  these  are  often  reduced  to  thin,  gray  threads,  that 
are  hardly  visible,  and  are,  of  course,  extremely  different  from 
the  nerves  that  remain  unaffected.  This  is  usually  most  pro- 
nounced in  the  hypoglossal  and  facial  nerves  ;  while  in  the  roots 
of  the  accessorius,  vagus,  and  glossopharyngeus  it  is  usually  less 
intense,  and  often  unnoticeable.  Still  less  frequently  does  it  ex- 
tend to  the  roots,  especially  the  motor  roots  of  the  abducens  and 
trigeminus ;  and  the  roots  of  the  acoustic  are  never  affected,  or 
only  very  exceptionally. 


Gerhardt'8  case,  in  which  he  found  a  small  centre  of  softening  in  the  pons,  is 
above  criticism,  and  the  microscopic  examination  was  very  imperfect.  If  it  was 
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a  case  of  progressive  bulbar  paralysis  at  all,  it  was  one  complicated  by  chance  by  a 
centre  in  the  pons;  and  besides,  there  was  softening  in  the  cerebellum,  and  changes 
had  taken  place  in  the  spinal  cord. 

It  is  only  the  most  accurate  microscopic  examination  which 
can  give  at  all  satisfactory  explanation  of  the  process  in  the 
medulla.  And  even  this  gives  very  uncertain  and  meagre  results 
with  fresh  specimens,  chiefly  corpuscles  of  Gluge,  increased  con- 
nective tissue,  and  here  and  there  an  atrophied  or  pigmented 
ganglion-cell,  or  a  thickened  vessel — seldom  more  than  this. 

The  localization  and  extent  of  the  pathological  process  and 
its  character  cannot  be  distinctly  and  certainly  made  out  until 
the  organ  has  been  hardened  and  treated  with  the  usual  coloring 
reagents ;  when  this  has  been  done,  the  diseased  parts  may  be 
recognized,  from  their  bad  coloring,  by  the  naked  eye,  or  with  a 
pocket-lens. 

The  microscopic  examination  of  the  different  cases  exhibited 
various  processes  and  of  varied  extent  (because  some  of  them 
were  complicated) ;  but  much,  and  probably  all  essential  particu- 
lars, were  common  to  them  all. 

The  chief  point  seems  to  be  a  degeneratwe  atrophy  of  the 
ganglion-cells  in  certain  gray  nuclei  of  the  medulla.  This  was 
observed  in  every  case  which  was  accurately  examined. 

This  affection  of  the  ganglion-cells  may,  as  it  would  appear, 
exist  quite  unaccompanied  by  other  changes  worth  mention 
(Charcot,  Joffroy,  Hallopeau,  and  others) ;  but  in  the  majority 
of  cases  we  observe  simultaneously  an  increased  growth  of  con- 
nective tissue,  atrophy  of  different  nerve-tracts,  conglomerations 
of  fat-granule-  and  other  kinds  of  cells,  slight  changes  in  the 
vessels — in  a  word,  we  may  observe  in  the  medulla,  in  varying 
proportions,  all  that  is  described  under  the  name  of  gray  degen- 
eration, sclerosis,  or  chronic  myelitis  (Leyden,  R.  Maier). 

As  we  do  not  yet  possess  records  of  so  very  many  autopsies 
from  which  we  can  draw  absolute  conclusions,  it  is  still  an  open 
question  whether  the  chronic  myelitis  is  an  essential  or  secondary 
part  of  the  process,  whether  the  atrophy  of  the  ganglion-cells  is 
only  the  secondary  result  of  this  myelitis  or  a  primary  change, 
and  merely  accompanied  afterwards  (necessarily  or  casually)  by 
myelitic  changes,  and  especially  by  alterations  in  the  interstitial 


912  ERB. — DISEASES  OF  THE  MEDULLA  OBLONGATA. 

tissue.  But  the  atrophy  of  the  ganglion-cells  certainly  appears 
to  be  the  deciding  cause  in  the  pathogenesis  of  the  disease,  and 
to  account  for  the  form  taken  by  the  symptoms.  But,  before  we 
can  speak  on  this  subject  with  absolute  certainty,  we  must  await 
further  investigations,  to  be  conducted  with  the  greatest  accuracy 
and  specially  directed  to  the  solution  of  these  questions. 

The  changes  which  take  place  in  the  ganglion-cells  consist  in 
progressive  atrophy  and  contraction  ;  they  become  filled  with 
yellow  or  brown  pigment  (yellow  pigmentary  atrophy),  their 
nuclei  disappear,  and  linally  the  cells  themselves,  leaving  behind, 
at  most,  some  unrecognizable  remains,  in  the  shape  of  angular, 
glittering,  pigmented  masses.  If  we  now  examine  the  gray 
nuclei,  and  compare  them  with  normal  specimens,  we  are  at  once 
struck  by  the  decrease  in  number  and  size.  In  this  way  we  can 
obtain  a  satisfactory  general  idea  of  the  intensity  and  extent  of 
the  process  in  the  various  nuclear  structures. 

In  the  individual  cases  the  surrounding  tissue  was  found  to 
contain  corpuscles  of  G-luge  in  varying  quantity  ;  increase  of 
connective  tissue  and  of  the  nuclei,  and  a  number  of  spider-cells 
("  Spinnenzellen") ;  hypertrophy  and  fatty  degeneration  of  the 
vessels  ;  often  numbers  of  corpora  araylacea ;  and  then  the 
nerve-fibres  themselves  were  atrophied  and  diminished,  while  the 
axis-cylinders  were  often  strikingly  massive  and  swollen  ;  finally, 
the  nerve-fibres  lose  their  medullary  sheath,  and  disappear  com- 
pletely with  the  axis-cylinders.  In  a  relatively  recent  case, 
Benedikt  found  changes  of  an  undoubtedly  inflammational  char- 
acter— i.  e.,  congestion,  hypertrophy  of  the  walls  of  the  vessels, 
and  numerous  "inflammational  nuclei,"  etc. 

As  regards  the  topograpliy  of  the  clianges^  the  results  as  yet 
obtained  seem  to  prove  that  the  nucleus  of  the  Jiypoglossus  is 
the  starting  or  central  point  of  the  disease  ;  it  degenerates  earlier 
and  more  completely  than  the  others.  The  nuclei  of  the  acces- 
sorius  and  vagus  are  next  attacked,  while  the  disease  does  not 
extend  in  all  cases  to  the  nucleus  of  the  glosso-pharyngeus.  The 
nucleus  of  the  facial  is  attacked  at  a  very  early  stage — at  least, 
that  part  of  it  which  is  connected  with  the  inferior  (labial) 
branches.  The  present  pathologico-anatomical  investigations 
have  not  decided  whether  the  point  attacked  is  the  nucleus 
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facialis  proper  of  the  latest  writers,  situated  in  the  anterior  por- 
tion of  the  rhomboid  sinus,  or  whether  it  is  the  "inferior"  facial 
nucleus  in  the  inferior  portion  of  the  sinus  assumed  by  Clarke. 
The  nucleus  of  the  ahducens  is  very  seldom  diseased  ;  the 
acoustic  nuclei  appear  never  to  suffer,  and  likewise  the  trigemi- 
nal nuclei  ;  still,  the  motor  nucleus  of  the  trigeminus  has  been 
often  found  in  degeneration,  but  only  the  merest  traces  of  dis- 
ease in  the  sensory  nuclei. 

The  root-fibres,  which  go  to  the  nuclei,  appear  to  be  more  or 
less  strongly  atrophied  and  degenerated. 

Thus,  we  have  to  deal  mainly  with  a  circumscript  centre  of 
disease,  which  has  a  tendency  to  spread  gradually.  It  attacks 
primarily  the  gray  nuclei  situated  in  the  inferior  portion  of  the 
floor  of  the  fourth  ventricle,  and  extends  from  here  very  stealth- 
ily in  all  directions. 

As  regards  the  other  structures  in  the  medulla,  the  olivary 
bodies  are  seldom  affected,  though  E,.  Maier  found  them  degen- 
erated, and  Leyden  found  corpuscles  of  Grluge,  in  one  case,  in 
their  centre.  The  participation  of  the  formatio  reticularis  is 
doubtful  and  not  easy  to  decide  ;  Benedikt  found  it  universally 
affected.  Still,  the  nerve-fibres  running  through  it  are  probably 
involved  in  every  case.  The  peduncuU  cerehelli  are  never 
attacked.  On  the  other  hand,  the  pyramidal  tracts  have  been 
often  found  diseased,  full  of  corpuscles  of  Gluge,  sclerosed,  and 
degenerated  ;  and  this  degeneration  could  be  generally  traced 
up  into  the  pons,  and  regularly  down  into  the  lateral  and  ante- 
rior columns  of  the  spinal  cord  ;  but  it  is  quite  possible  that 
these  were  all  complicated  cases. 

In  fact,  combinations  with  spinal  diseases  occur  very  often. 
These  spinal  diseases  are  sometimes  degeneration  of  the  ganglion- 
cells  of  the  anterior  cornua,  such  as  has  been  of  late  regularly 
found  as  the  lesion  in  the  typical  form  of  progressive  muscular 
atrophy  ;  sometimes  simultaneous  degeneration  of  the  lateral 
columns  and  the  anterior  cornua,  producing  the  form  Charcot 
has  described  as  amyotrophic  lateral  sclerosis. 

Changes  in  the  nerves  and  muscles.  The  nerve-roots  coming 
off  from  the  bulbus  are  almost  always  very  much  degenerated, 
and  they  exhibit  the  same  degenerative  atrophy  as  peripheral 
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nerves  after  section,  i.  e.,  fatty  degeneration  and  disappearance 
of  the  nerve-fibres,  growth  and  sclerosis  of  the  neurilemma,  leav- 
ing nothing  of  the  roots  but  tough  cords  of  connective  tissue, 
filled  with  fat,  and  preserving  generally  only  traces  of  their 
axis-cylinders.  These  changes,  though  less  in  degree,  may  be 
traced  through  the  nerves  and  into  their  peripheral  terminations 
in  the  muscles.  Still,  in  one  case  Charcot  found  but  very  slight 
changes  in  the  root-fibres  of  the  hypoglossus. 

The  roots  of  the  hypoglossi  are  usually  the  ones  which  suffer 
most  from  the  disease  ;  then  the  faciales,  and  next  a  part  of  the 
roots  of  the  accessorius,  vagus,  and  glossopharyngeus.  In  com- 
plicated cases  we  find  the  same  changes  taking  place  in  many  of 
the  anterior  spinal  nerve-roots. 

In  the  muscles,  too,  we  find  a  very  pronounced  atroph}^, 
which  varies  greatly  in  extent  and  intensity.  The  muscles  look 
pale,  reddish,  or  yellow,  or  a  reddish  gray  ;  they  are  very  much 
diminished  in  size,  striped  with  fat,  and  partly  changed  to  fatty 
and  connective  tissue.  Under  the  microscope,  we  see  intensive 
atrophy  of  the  muscular  fibrils,  and  notice  their  small  number, 
the  increase  of  nuclei  and  connective  tissue,  and  in  some  parts 
masses  of  fat.  According  to  the  unanimous  view  of  all  modern 
authors,  the  changes  are  exactly  the  same  as  those  which  take 
place  in  progressive  muscular  atrophy,  and  they  exhibit  the 
same  irregularity  and  want  of  uniformity  in  their  distribution. 
The  tongue  usually  suffers  most,  though  cases  have  occurred  in 
which  the  degeneration  could  not  be  diagnosed  with  certainty 
till  brought  under  the  microscope.  Atrophy  in  different  degrees, 
too,  has  been  observed  in  the  lips  and  palate  and  in  the  pharyn- 
geal and  laryngeal  muscles. 

We  generally  see  in  addition  similar  atrophy  of  the  muscles 
of  the  back  of  the  neck,  especially  the  trapezii,  and  in  compli- 
cated cases  there  is  usually  progressive  atrophy  of  the  whole 
muscular  system.  Even  in  uncomplicated  cases  we  very  fre- 
quently find  the  initial  traces  of  atrophy  in  the  small  muscles  of 
the  hand,  ball  of  the  thumb,  interossei,  etc. 

In  the  other  organs  of  the  body  no  changes  characteristic  of 
this  disease  take  place.  Extreme  wasting  and  emaciation  of  the 
whole  body  may  usually  be  observed,  as  in  all  other  states  of 
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inanition.  Frequently  centres  of  pneumonia  from  foreign  bodies 
are  found  in  the  lungs,  or  we  have  phthisis,  or  there  are  symp- 
toms of  some  other  fatal  disease.  But  we  need  not  enter  upon 
this. 

Pathology  of  Progressive  Bulbar  Paralysis. 

Symptoms. 

General  Symptomatology. — Progressive  bulbar  paralysis  is 
almost  unexceptionally  developed  in  a  most  stealthy  manner. 

Slight  premonitory  symptoms  generally  precede,  but  escape 
observation  for  a  long  time.  These  consist  of  a  slight  feeling  of 
oppression  and  pain  in  the  hade  of  the  head  and  neck,  an 
unpleasant  sensation  in  speaking,  a  little  giddiness,  etc.  ;  oc- 
casionally we  may  succeed  in  detecting  a  loss  of  reflex  irritabil- 
ity in  the  pharjmx  and  larynx  at  an  early  stage  of  the  disease 
(Krishaber). 

The  commencement  is  occasionally  accompanied  by  violent 
symptoms,  such  as  a  sudden  impediment  of  speech,  with  diffi- 
culty in  the  movements  of  the  tongue  and  lips  ;  or  we  may  have 
impairment  of  the  act  of  deglutition.  These  symptoms  often 
appear  to  result  from  a  slight  apoplectic  attack,  but  it  is  doubt- 
ful whether  they  are  real  cases  of  the  disease  we  are  discussing. 

But  usuall}^  the  symptoms  come  very  gradually  and  stealth- 
ily, and  the  patient  sees  without  suspicion  his  trifling  difficulties 
growing  worse,  till  after  a  somewhat  short  and  unrestrainable 
course  they  bring  his  life  to  an  end  after  fearful  suffering. 

At  flrst  the  reigning  symptom  is  a  p)rogressim  weakness  of 
the  lingual,  labial,  palatal  and  pharyngeal  muscles.  This  does 
not  develop  according  to  the  same  rule  in  every  case,  the  weak- 
ness beginning  sooner  and  making  more  rapid  strides  sometimes 
in  this  and  sometimes  in  that  direction.  This  produces  a  dis- 
tinction between  the  different  cases,  but  this  is  unessential. 

The  difficulty  of  speech  is  generally  striking,  proceeding  from 
weakness  of  the  tongue.  The  pronunciation  of  certain  letters 
and  syllables  which  are  chiefly  produced  by  the  tongue  becomes 
difficult,  hindering  the  articulation  and  rendering  the  speech  in- 
distinct. 
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This  is  soon  followed  by  difficulty  and  indistinctness  of  the 
labial  sounds,  arising  from  weaJcness  and  stiffness  of  the  lips. 
The  speech  thus  loses  still  more  of  its  clearness,  and  at  the 
same  time  the  patient  is  deprived,  in  part  or  whole,  of  his  power 
to  whistle,  blow,  compress  his  lips,  kiss,  show  his  teeth,  etc. 
This  is  inseparably  connected  with  a  change  in  the  expression, 
the  mouth  becoming  lengthened,  and  the  naso-labial  folds  deeper, 
and  the  whole  expression  peculiarly  lachrymose. 

Mastication  is  impaired  at  a  very  early  stage,  chiefly  by  rea- 
son of  the  difficulty  in  moving  the  tongue  and  cheeks ;  a  real 
paresis  of  the  muscles  of  mastication  is  rare,  and  never  one  of 
the  early  symptoms. 

After  a  varying  length  of  time  we  observe  a  difficulty  in 
swallowing.  This  is  due  in  the  first  instance  to  paresis  of  tJie 
soft  palate,  which  renders  the  voice  nasal,  and  often  allows  fluids 
to  escape  through  the  nose  during  the  act  of  deglutition ;  the 
pronunciation  of  certain  labial  consonants  ("  b  "  and  "  f  "),  too, 
becomes  more  difficult. 

The  muscles  of  the  pharynx  and  those  that  close  the  larynx 
become  gradually  weaker.  This  is  betrayed  by  the  increasing  dif- 
ficulty in  swallowing,  which  is  sometimes  greater  with  solids  and 
sometimes  with  fluids ;  sometimes,  too,  the  food  "  goes  the  wrong 
way,"  in  other  words,  gets  into  the  larynx,  and  causes  fits  of 
coughing  and  suffocation. 

Even  at  this  stage  the  patients  exhibit  an  extremely  charac- 
teristic appearance — their  peculiar  expression,  the  contrast  be- 
tween the  upper  movable  and  lower  paretic  portion  of  the  face, 
the  faltering,  incomprehensible,  nasal  speech,  and  the  difficulty 
in  swallowing,  all  betray  the  disease  at  the  first  glance  to  a  prac- 
tised eye.  The  case  is  completed  by  atrophy,  trembling  move- 
ments and  fibrillar  twitchings  of  the  lips ;  by  the  grooved  ap- 
pearance and  atrophy  in  the  tongue,  which  can  hardly  be  put 
out,  or  lies  helpless  in  the  bottom  of  the  mouth,  in  constant 
vibration  with  fibrillar  twitchings ;  by  the  excessive  secretion  of 
a  thick,  mucous  saliva,  which  the  patient  cannot  swallow,  and 
which  he  must  consequently  wipe  from  his  lips  constantly  with 
a  handkerchief. 

But  the  organs  of  sense  and  the  intelligence  generally  remain 
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quite  unaffected ;  the  most  that  has  been  observed  being  a 
slightly  lachrymose  and  easily  excitable  temper,  with  an  inclina- 
tion to  causeless  laughter.  Sensibility  remains  quite  undis- 
turbed ;  even  the  taste  on  the  tongue  is  perfectly  normal.  Re- 
flex action  is  only  diminished  in  the  pharynx  and  larynx. 

Thus  the  disease  follows  its  slow  and  generally  unremitting 
onward  course.  There  seldom  comes  a  remission  of  any  length, 
and  still  more  rarely  any  improvement.  We  can  clearly  see  from 
week  to  week,  or  at  least  from  month  to  month,  a  change  for 
the  worse.  The  speech  becomes  more  and  more  incomprehen- 
sible, swallowing  more  difficult,  the  secretion  of  saliva  greater 
and  more  annoying,  the  patient  becomes  weaker,  while  his  men- 
tal functions  and  intelligence  remain  unclouded,  giving  him  a 
mournfully  clear  idea  of  what  threatens  him,  and  thus  adding 
another  pain  to  his  disease. 

As  the  disease  proceeds,  we  get  further  symptoms,  resulting 
from  the  extension  of  the  process  in  the  medulla.  Such  are 
weakness  and  loss  of  mice,  caused  by  paresis  and  paralysis  of 
the  vocal  cords  and  the  muscles  of  the  larynx  ;  and  then  irregu- 
lar action  of  the  heart,  retardation  or  great  rapidity  and  irregu- 
larity of  the  pulse,  a  feeling  of  faintness  and  threatening  death, 
accompanied  by  great  terror  ;  further,  we  have  respiratory  dis- 
turbances in  the  form  of  a  feeling  of  oppression,  weight  on  the 
breast,  dyspnoea  with  actual  fits  of  suffocation,  difficulty  in 
coughing,  sneezing,  and  clearing  the  throat,  etc.  Finally,  we  may 
observe  paralysis  of  the  muscles  of  mastication ;  much  more 
rarely  do  we  see  any  sensible  disturbances  in  the  region  of  the 
trigeminus ;  still  less  frequently  are  the  orbital  muscles  para- 
lyzed, usually  beginning  with  the  abducens. 

The  contrast  is  striking  between  these  severe  paralytic  symp- 
toms and  the  clearness  preserved  in  the  higher  functions  of  the 
brain  and  organs  of  special  sense,  together  with  the  freedom  of 
the  extremities  from  imy  but  trifling  affections.  Though  the 
extremities,  with  the  exception  of  inanition  from  weakness, 
rarely  suffer  from  any  motor  or  sensible  affections,  and  more 
especially  any  actual  paralysis,  till  the  very  last  stage  of  the 
disease,  still  we  may  frequently  observe  the  development  of  a 
progressive  atrophy  in  the  smaller  muscles  of  the  hand,  causing 
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the  interossei  to  fall  in,  and  diminishing  the  thenar  and  hypo- 
thenar  muscles,  etc.  But  this  complication  often  grows  to  a 
complete  and  general  progressive  muscular  atrophy. 

At  this  stage  the  patients  suffer  frightful  tortures.  Speech- 
less and  harassed  by  salivation  and  the  danger  of  suffocation, 
with  their  intelligence  perfectly  unclouded,  they  see  the  ap- 
proach of  a  death  from  starvation.  Every  endeavor  to  still  their 
gnawing  hunger  is  vitally  dangerous,  and  causes  unspeakable 
pain  ;  artificial  nourishment  seldom  gives  them  long  respite. 
Characteristic  of  the  very  last  stage  comes  a  state  of  intense  ina- 
nition, which  in  one  way  or  another  brings  about  the  death  of 
the  patient.  It  is  real  good  fortune  for  those  whose  lives  end 
quickly  from  suffocation,  or  who  are  carried  off  after  a  short 
attack  of  pneumonia  caused  by  a  foreign  body,  or  for  those  who 
are  set  free  by  paralysis  of  the  heart  or  respiratory  organs.  Any 
of  these  is  better  than  death  from  starvation.  Life  frequently 
terminates  with  a  prolonged  agony,  often  accompanied  by  a  ter- 
minal coma,  rise  of  temperature,  etc.,  but  generally  resulting  in 
a  simple  extinction  of  life. 

Such  is  a  sketch  of  the  most  usual  and  frequent  cases,  though 
it  is,  of  course,  subject  to  many  variations,  and  does  not  run  in 
exactly  the  same  way  with  the  constant  quickness  and  constant 
intensity. 

From  our  present  experience  it  is  doubtful  whether  the  dis- 
ease ever  resulted  in  anything  but  death. 

Analysis  of  the  Indimdual  Symptoms. 

Initial  symptoms.  Real  premonitory  symptoms  are  often 
wanting,  and  are  generally  quite  trifling  and  uncharacteristic. 
There  are  occasionally  complaints  of  pains  in  the  head  and  back 
of  the  neck,  slight  dizziness,  and  a  feeling  of  compression  in  the 
neck  and  breast,  which  rarely  attains  the  character  of  actual 
dyspnoBa.  We  shall  not  attempt  to  decide  whether  these  symp- 
toms are  to  be  regarded  as  signs  of  initial  hj'-persemia,  constantly 
occurring  in  slight  attacks. 

Krishaber  found  in  two  cases  that,  many  months  before  any  definite  paralytic 
symptoms  appeared,  the  pharynx,  larynx,  trachea,  and  oesophagus  were  strikingly 
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slow  to  answer  reflex  irritation,  while  tbeir  tactile  sensibility  remained  unaCEected. 
But  does  this  often  occur  ? 

The  real  symptoms  of  the  commencement  of  the  disease  usu- 
ally consist  in  a  slight  affection  of  the  speech,  the  patient  becom- 
ing tired  easily  after  speaking  for  some  time,  and  finding  diffi- 
culty in  the  pronunciation  of  certain  letters  and  words.  The 
speech,  too,  grows  objectively  less  distinct. 

This  is  followed  by  the  first  symptoms  of  a  commencing  weak- 
ness in  the  lips  and  palate  ;  the  expression  of  the  face  is  altered, 
the  voice  becomes  nasal,  and  the  patient  tires  after  prolonged 
chewing  and  swallowing. 

This  is  the  usual  order  of  succession  in  which  the  symptoms 
occur  ;  but  occasionally  they  commence  with  the  lips  and  palate. 
Even  at  this  early  stage  we  may  often  observe  an  increased  secre- 
tion of  saliva. 

The  duration  of  the  development  of  the  symptoms  varies  con- 
siderably ;  sometimes  it  is  rather  short  after  a  febrile  disease  or 
after  a  febrile  initial  stage  (?).  But  it  is  generally  pretty  long 
and  gradual,  the  worst  being  a  few  rapid  periods.  Kussmaul 
records  a  rare  case,  which  began  with  a  sudden  weakness  in  one 
of  the  above-mentioned  muscular  regions.  Actual  apoplexy  or 
acute  myelitic  processes  appear  never  to  give  rise  to  a  genuine 
progressive  bulbar  paralysis. 

It  frequently  happens  that  an  intercurrent  disease  induces  a 
very  rapid  change  for  the  worse.  ^  , 

Affection  of  Speech. 

The  affection  of  speech  is  usually  the  earliest  symptom,  and 
the  one  most  acutely  felt.  It  consists  always  and  without  ex- 
ception of  an  incapability  (produced  by  paralysis)  to  pronounce 
certain  letters  (and  syllables  and  words  which  are  formed  with 
these  letters).  The  simple  and  combined  motions  of  the  tongue, 
lips,  etc.,  necessary  to  the  articulation  of  the  sounds,  become  diffi- 
cult or  impossible.  So  it  is  a  mere  affection  of  the  articulation. 
Thus  we  have  to  deal  with  alalia  (or  anarthria).  It  is  never  a  case 
of  stumbling  over  syllables  (Silbenstolpern),  a  transmutation  and 
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confusion  o£  syllables  and  words  ;  the  words  are  never  forgotten, 
as  in  genuine  aphasia.  It  is,  in  fact,  always  an  affection  of  the 
articulation^  caused  by  paralysis  and  atrophy  of  the  muscles 
necessary  to  speech. 

The  course  of  the  affection  varies  according  to  the  order  in 
which  the  three  important  muscular  provinces,  the  tongue,  lips, 
and  palate,  are  paralyzed.  According  to  this  varies  the  order  in 
which  the  different  letters  become  difficult  of  pronunciation. 
Finally,  all  articulation  becomes  impossible,  and  the  patients  can 
only  produce  grunts  and  groans,  and  even  these  very  imperfectly 
when  the  vocal  cords  are  paralyzed. 

Primary  weakness  of  the  to7igue  venders  the  vowel  "i"  first 
unpronounceable,  as  its  production  requires  the  greatest  raising 
of  the  tongue.  The  tongue,  too,  is  in  part  or  altogether  the  pro- 
ducer of  the  consonants  "r,"  and  "sch"  in  particular,  and  of 
"s,"  "1,"  "k,"  "g,"  "t,"  and  finally  of  "d"  and  "n." 

Weakness  of  the  lips  causes  the  loss  chiefly  of  "  o  "  and  "  u," 
and  also  of  "e,"  whilst  "a"  can  be  pronounced  almost  to  the 
last.  When  the  lips  become  more  affected,  "p"  and  "  f  "  cannot 
any  longer  be  pronounced,  and  lastly  "b,"  "m,"  and  "w"  are 
lost. 

Paralysis  of  the  palate  renders  the  formation  of  certain  la- 
bials still  more  difficult,  because  the  current  of  air  necessary  to 
form  explosives  escapes  through  the  nose,  and  consequently 
loses  nearly  all  its  force.  Thus,  "b"  and  "p"  are  turned  into 
"me"  and  "  ve."  If  we  close  the  patient's  nose,  these  letters 
are  very  much  better  pronounced  (Duchenne).  Besides  this,  the 
nasal  tone  is  due  to  the  weakness  of  the  palate. 

When  all  these  affections  come  together,  the  speech  grows 
rapidly  more  and  more  indistinct,  and  becomes  at  last  an  im- 
possibility. The  words  sound  quite  differently  from  what  they 
should,  and  gradually  only  monosyllabic  words  can  be  recog- 
nized, till  at  last  even  the  power  of  producing  these  is  lost,  and 
the  unfortunate  creatures  can  only  give  forth  inarticulate,  incom- 
prehensible, grunting  sounds. 

All  these  affections  may  be  easily  explained  either  by  the 
lesion  in  the  nerve-nuclei  and  nerves,  or  by  the  atrophy  of  the 
muscles,  both  which  causes  injure  the  efficiency  of  the  muscles 
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of  speech.  Thus  we  see  that  the  affection  of  speech  depends 
essentially  upon  the  lesion  in  the  hypoglossal  nucleus,  and  part 
of  the  nuclei  of  the  facialis  and  accessorius.  It  requires  further 
investigation  to  determine  the  extent  to  which  the  nuclei  of  the 
vagus  and  glossopharyngeus  are  implicated. 

If  the  affection  spreads  further  in  the  accessorius  nucleus,  the 
innervation  of  the  larynx  and  the  vocal  cords  becomes  weaker, 
from  which  result  hoarseness,  weakness  of  voice,  and  finally 
complete  aphonia.  In  the  course  of  this  process  the  patients  are 
often  able  to  groan  loudly,  and  laugh,  sometimes  in  a  peculiarly 
boisterous  manner;  but,  for  ordinary  speech,  their  voice  is  of  no 
service  to  them.  In  such  cases  the  laryngoscope  reveals  paresis 
and  paralysis  of  the  vocal  cords. 

Affections  of  Mastication  and  Deglutition. 

These  form  the  second  important  group  of  symptoms  in  this 
disease.  Here,  too,  we  find  variations,  according  to  the  succes- 
sion in  the  paralyses  of  the  various  groups  of  muscles  which  take 
part  in  deglutition. 

Particles  of  food  which  get  between  the  lips  and  teeth  can- 
not be  caught  up  by  the  tongue,  and  consequently  stick  there. 
This  condition  is  rendered  worse  when  the  lips  and  buccinators 
are  paralyzed  simultaneously,  in  which  case  the  food  "falls  out" 
more  readily.  When  the  paralysis  is  more  complete,  food,  es- 
pecially semi-fluid  and  fluid,  falls  completely  out  of  the  mouth, 
which  can  no  longer  be  properly  closed.  In  the  same  way,  too, 
saliva  flows  constantly,  and  has  to  be  wiped  away  every  moment 
by  the  patient. 

But  when  the  disease  attacks  the  motor  nucleus  of  the  trigem- 
inus, and  thus  paralyzes  the  muscles  of  mastication,  the  final 
and  worst  affection  of  deglutition  is  produced.  This  results  in 
exhaustion  and  increasing  loss  of  power  in  chewing,  until  at  last 
the  act  becomes  an  impossibility.  The  patient  is  likewise  un- 
able to  close  his  mouth,  or  effect  the  lateral  motion  of  his  lower 
jaw.  The  utmost  he  can  now  do  is  to  take  fluid  nourishment, 
and  even  this  he  can  hardly  effect,  as  deglutition  is  so  difficult. 

The  first  stage  of  deglutition  is  affected  by  weakness  in  the 
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tongue.  There  is  great  difficulty  in  forming  the  bolus,  and  press- 
ing it  back  against  the  soft  palate  and  into  the  pharynx.  These 
movements  the  patient  often  assists  with  his  hands,  shoving  the 
bolus  back  till  it  is  caught  up  by  the  reflex  movements  of  deglu- 
tition. 

Weakness  of  the  soft  palate  finds  its  expression  chiefly  in  the 
imperfect  closure  of  the  choanjB.  At  first  fluids  escape  through 
the  nose,  and,  at  a  later  stage,  sometimes  even  solid  food.  The 
regurgitation  is  favored  by  the  action  of  the  inferior  constrictors 
of  the  pharynx.  In  this  way  a  considerable  portion  of  nourish- 
ment often  escapes. 

When  the  pharyngeal  muscles  become  affected  the  difficulty 
and  danger  connected  with  swallowing  a  bolus  grow  greater,  for 
particles  of  food  are  caught  up  in  the  sulci  and  bursfe  of  the 
pharynx,  and  collect  there  and  behind  the  epiglottis  too.  Some- 
times the  whole  bolus  gets  fast,  and  cannot  be  moved  forward 
or  backward,  causing  great  danger  of  suffocation. 

The  greatest  inconvenience  and  danger  lies  in  the  possibility 
of  fluids  or  solid  bodies  getting  into  the  larynx.  For,  by  irrita- 
tion, they  produce  coughing  and  attacks  of  dyspnoea,  or,  if  they 
get  into  the  bronchi,  they  give  rise  to  pneumonia.  This  danger, 
too,  may  assume  different  proportions,  according  to  the  muscles 
which  are  first  and  most  paralyzed. 

If  it  is  chiefly  the  body  of  the  tongue  which  is  paralyzed,  the 
root  cannot  be  well  brought  over  the  fallen  epiglottis,  and  hence 
the  larynx  is  not  completely  shut,  so  that  particles  of  food  and 
fluids  easily  find  their  way  into  the  trachea.  A  solid  bolus 
passes  over  more  easily,  as  its  weight  presses  down  the  epiglottis ; 
but  fluids  enter  very  easily. 

But,  for  the  preservation  of  the  larynx,  the  purely  laryngeal 
mechanism  for  closure  seems  still  more  important.  This  is 
brought  about  by  the  accurate  juxtaposition  of  the  arytenoid 
cartilages  and  the  pliccB  ary-epiglotticfE  (v.  Bruns).  If  the  mus- 
cles which  perform  this  function  are  weakened  or  paralyzed  (mm. 
arytfEnoid.  transv.,  thyreo-ary-epiglott.,  and  thyreo-arytenoid. 
ext.),  the  larynx  cannot  be  closed  effectively.  But,  if  this  func- 
tion is  quite  unimpaired,  then  food  cannot  easily  "go  the  wrong 
way,"  even  if  the  closure  by  the  tongue  and  epiglottis  is  very 
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imperfect.  In  such  cases  the  patients  can  swallow  fluids  and 
semi-solids  without  much  difficulty.  But  when  the  laryngeal 
closure  is  affected,  the  danger  in  swallowing  fluids  is  greater,  as 
they  can  penetrate  through  the  smallest  opening  into  the  larynx. 
The  patients  prefer  to  avoid  this  risk  by  taking  more  solid  and 
drier  nourishment,  though  of  course  the  difficulty  of  swallowing 
this  is  greater. 

When  the  paralysis  extends  to  the  oesophagus,  deglutition  is 
a  complete  impossibility,  and  recourse  must  be  had  to  the  stom- 
ach-pump. 

The  explanation  we  gave  of  affections  of  speech  may  be  ap- 
plied directly  to  deglutition.  In  this  case,  also,  we  are  unac- 
quainted with  the  details  as  to  the  participation  of  the  nuclei  of 
the  accessorius,  vagus,  and  glossopharyngeus. 

Affections  of  Expression. 

In  addition  to  the  affections  of  the  speech  and  deglutition,  wo 
have  in  the  expression  a  prominent  and  characteristic  symptom, 
due  to  paresis  of  the  inferior  branches  of  the  facial.  In  fact,  a 
practised  eye  can  make  the  diagnosis  from  the  features  alone. 

The  orbicularis  oris  suffers  more  than  all ;  while  the  leva- 
tores  lab.  sup.,  quadratus,  triangularis,  and  levator  menti,  the 
buccinator,  etc.,  are  less  frequently  affected,  and  never  so  in- 
tensely. These  muscles  are  almost  always  plainly  atrophied,  so 
that  the  lips  look  lean,  furrowed,  thin,  and  sharp-edged.  Some- 
times, too,  we  see  fibrillar  contractions  passing  through  them. 

This  paresis  deprives  the  patient  of  the  power  to  whistle,  blow 
out  a  light,  show  his  teeth,  point  his  mouth,  etc.  Besides  this, 
he  can  no  longer  keep  his  mouth  closed  ;  but  it  is  always  open, 
with  a  hanging  underlip,  and  the  saliva  flows  out  in  a  constant 
stream. 

The  expression  of  the  face  undergoes  a  peculiar  change,  the 
mouth  increasing  in  breadth,  and  slightly  opened,  the  naso-labial 
sulci  grow  more  marked,  thus  producing  a  sad,  lachrymose,  and 
somewhat  stupid  look,  contrasting  strongly  with  the  vivacious 
movement  of  the  features  of  the  upjjer  half,  and  with  the  bright- 
ness and  motion  of  the  eyes. 
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The  lower  half  of  the  countenance  remains  relatively  motion- 
less in  speaking  and  laughing,  and  the  laugh  degenerates  to  a 
peculiar  grin. 

The  superior  branches  of  the  facial  are  usually  unaffected, 
though  in  very  rare  cases  they  have  been  paralyzed  with  varying 
intensity. 

The  lesion  lies,  undoubtedly,  in  an  affection  of  the  nucleus 
facialis.  But  there  are  many  doubtful  points  connected  with 
this.  In  the  first  place,  Why  is  this  nucleus  so  regularly  and  so 
early  affected  ?  A  glance  at  Fig.  30  shows  us  that  the  nucleus 
of  the  facial  is  rather  far  removed  from  the  nuclei  of  the  hypo- 
glossus  and  accessorius,  in  which  the  pathological  process  seems 
to  commence.  Lockhart  Clarke' s  assumption  of  a  facial  nucleus 
at  an  inferior  point,  about  on  a  level  with  tlie  hypoglossal  (close 
and  external  to  this  nucleus),  is  undoubtedly  more  suitable 
to  explain  this  early  participation.  The  second  question — 
AVhy  is  it  that  the  lower  branches,  and  almost  always  these 
alone,  are  the  ones  that  are  attacked  ? — could  also  be  easily  an- 
swered on  the  assumption  that  the  process  only  extends  to  this 
"inferior"  nucleus,  on  a  level  with  the  hypoglossus,  which  ex- 
clusively controls  the  inferior  branches  of  the  nerve,  while  the 
superior  nucleus  is  only  rarely  affected,  and  never  till  a  late 
period.  The  explanation  of  this  peculiar  difference  in  the  be- 
havior of  the  superior  and  inferior  branches  of  the  facial,  which 
occurs,  too,  in  other  cerebral  lesions,  we  must  leave  to  normal 
and  pathological  anatomy. 

Affection  of  the  Salivary  Secretion, 

In  nearly  every  case — though  there  are  exceptions — we  are 
struck,  at  an  early  period  of  the  disease,  by  the  constant  floio  of 
saliva  from  the  mouth.  It  is  sometimes  very  water}'-,  sometimes 
more  consistent  with  transparent  mucus,  and  must  be  constantly 
wiped  away.  It  soaks  through  the  pillow  at  night,  causing  the 
patients  great  annoyance. 

This  is  primarily  and  chiefly  due  to  paralysis  of  the  lips  and 
the  muscles  of  deglutition.  The  saliva  is  secreted  in  normal 
quantity,  but  can  only  be  swallowed  with  difficulty,  and  conse- 
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qiiontly  collects  in  the  month.  But,  the  contraction  of  the  lips 
being  imperfect,  the  saliva  flows  over  them,  and  out  of  the 
,  mouth.  It  is  easy  to  prove  on  one's  self  that  no  extra  secretion 
of  saliva  is  necessary,  by  avoiding  deglutition  and  holding  one's 
mouth  open,  and  inclining  one's  head  slightly  forward. 

Though  the  salivation  may  be  thus  to  a  certain  extent  ex- 
plained on  the  ground  of  paralysis,  still  it  might  be  asked,  is 
there  not  at  the  same  time  an  actual  increase  of  the  secretion? 
And  the  question  in  a  great  number  of  cases  can  be  answered  in 
the  affirmative. 

Schulz  estimated  in  one  case  a  six-  or  eight-fold  secretion. 
Kayser  asserts  positively  that  the  secretion  is  increased,  but  his 
proofs  are  more  theoretical  than  actual  facts.  His  reasoning  is 
that  the  saliva  is  secreted  uninterruptedly  during  sleep,  and  that 
it  does  not  always  commence  simultaneously  with  affection  of 
deglutition.  In  Kayser' s  case  he  could  increase  the  secretion  by 
reflex  irritation,  and  stop  it  temporarily  by  means  of  atropine. 

Kayser  has  discussed  the  question  thoroughly,  though  he  has 
by  no  means  decided  it.  The  large  quantity  of  the  secretion  ex- 
cludes the  supposition  that  it  is  mere  "paralytic  saliva."  In 
fact,  we  know  so  little  of  this  "paralytic  "  saliva,  or  of  its  man- 
ner of  production,  that  we  can  hardly  discuss  the  question.  We 
must  consequently  assume  an  irritation  of  the  salivary  centres, 
which,  according  to  Gruetzner's  investigations,^  governs  both  the 
fibres  of  the  chorda  tympani,  and  of  the  sympathetic  which  go 
to  the  submaxillary  gland.  But  he  does  not  attempt  to  show 
how  this  centre  of  salivation  is  irritated,  when  all  the  other  bul- 
bar functions  are  paralyzed,  nor  to  localize  the  centre  exactly  in 
the  medulla. 

Affections  of  the  Bespiration  and  Circulation. 

The  affections  of  respiration  occur  chiefly  in  the  terminal 
stage.    They  are  as  yet  imperfectly  known. 

We  have  already  mentioned  the  various  affections  of  laryn- 
geal innervation,  paralysis  of  the  vocal  cords,  aphonia,  and  the 
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attacks  of  congliing  and  suffocation  caused  by  the  entrance  of 
foreign  bodies  during  eating  and  drinking. 

The  participation  of  the  nuclei  of  tlie  vagus  and  accessorius 
in  bulbar  paralysis  being  beyond  doubt,  when  we  consider  the 
close  relationship  that  exists  between  them  and  the  respiratory 
centre,  we  can  hardly  be  surprised  to  find  frequent  affections  of 
the  respiratory  mechanism.  However,  this  is  not  so  often  the 
case,  and  when  it  occurs,  it  is  at  a  late  stage  of  the  disease. 
When  we  meet  it  in  an  advanced  form,  we  may  be  sure  that  the 
end  is  drawing  near. 

We  often  hear  complaints  of  constriction  and  fulness  in  the 
breast,  accompanied  by  a  want  of  breath  which  has  no  visible 
foundation — affections  in  fact,  connected  with  a  decrease  in  the 
functions  of  the  respiratory  centres.  But  real  attacks  of  dysp- 
noea, which  are  occasionally  observed,  would  rather  lead  us  to 
think  of  irritation  in  the  centres. 

We  may  further  note  various  troubles  of  expiration,  such  as 
weak  and  powerless  coughing,  partly  due  to  insufficient  inspira- 
tion, and  partly  to  feebleness  of  expiration  and  paralysis  of  the 
vocal  cords.  Then,  too,  they  find  difficulty  in  blowing  tlieir 
noses,  because  part  of  the  current  escapes  through  the  mouth. 
They  seldom  sneeze,  and  often  find  it  impossible,  as  the  strength 
of  the  expiration  diminishes  with  weakness  of  the  expiratory 
centres.  The  loss  of  motility  in  the  root  of  the  tongue  causes 
them  a  similar  difficul  ty  in  clearing  their  throats.  Many  patients, 
too,  complain  that  they  can  no  longer  smoTce;  but  this  depends 
chiefly  on  paralysis  of  the  tongue,  and  of  the  muscles  which 
lower  the  inferior  maxillary,  and  of  the  orbicularis  oris. 

Finally  comes  the  stage  of  wealcness  and  paralysis  of  the 
respiratory  centres,  due  to  degeneration.  The  want  of  breath 
and  the  oppressive  feeling  grow  worse,  while  the  attacks  of  dysp- 
noea accumulate  and  breathing  grows  constantly  less  powerful, 
till  asphyxia,  either  slow  and  resulting  from  gradual  paralj^sis, 
or  acute,  occurring  in  an  attack  of  dyspnoea,  ends  the  life  of 
the  patient.  But  the  slightest  disease  of  the  respiratory  organs, 
such  as  a  bronchial  catarrh,  or  pneumonia,  often  suffices  to  put 
an  earlier  end  to  the  patient's  life. 

Little  is  known  of  the  disturbances  in  the  action  of  the  heart. 
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There  is  no  reliable  record  of  retardation  of  tlie  pulse  (irritation 
of  the  vagus).  An  abnormally  rapid  pulse  (paralysis  of  the 
vagus)  has  been  oftener  recorded,  rising  sometimes,  just  before 
death,  to  180,  150,  and  higher,  in  the  minute.  The  fainting-fits 
which  so  frequently  occur,  and  to  which  the  patients  occasion- 
ally succumb,  may  fairly  be  referred  to  the  centres  of  cardiac 
innervation. 

Disorders  of  Nutrition. 

One  of  the  most  constant  attendants  of  progressive  bulbar 
paralysis  is  undoubtedly  atrophy  of  the  paralyzed  muscles. 
This  is  usually  most  marked  in  the  case  of  the  tongue.  This 
member  grows  smaller,  flatter,  shrunken,  and  marked  with  fur- 
rows ;  it  looks  limp,  and  is  kept  in  constant  vibrating  motion 
due  to  fibrillar  contractions.  We  can  often,  too,  plainly  detect 
atrophy  of  the  lips,  which  grow  thin  like  paper,  emaciated,  and 
with  sharp  edges ;  the  skin  over  them  becomes  withered,  and 
also  exhibits  in  many  cases  these  fibrillar  contractions.  Of 
course,  the  atrophy  must  have  advanced  pretty  far  before  it  can 
be  noticed  in  the  lips.  Atrophy  of  the  soft  palate  can  probably 
never  be  recognized  with  certainty. 

Several  authors  assert  that  this  atrophy  is  not  constant,  and 
Duchenne  himself  brings  the  absence  of  atrophy  forward  as  a 
distinguishing  characteristic  of  his  bulbar  paralysis  from  pro- 
gressive muscular  atrophy.  But  all  modern  observers  bear  wit- 
ness to  the  complete  falseness  of  this  view.  With  reference  to 
this  question,  I  have  myself  compared  my  notes  of  nine  accu- 
rately observed  and  genuine  cases  of  bulbar  paralysis,  and  found 
atrophy  recorded  in  every  single  one  ;  though  in  one  case  it  was 
only  found  in  the  lips,  and  not  in  the  tongue.  In  six  of  these 
nine  cases,  though  the  bulbar  paralysis  was  far  advanced,  there 
was  no  complication  whatsoever  with  progressive  muscular  atro- 
phy (an  extremely  important  matter  for  the  question  in  hand) ; 
in  two  cases  there  was  a  commencing  muscular  atrophy,  and  in 
one  case  it  was  slightly  advanced. 

But  we  must  grant  without  hesitation  that  the  atrophy  does 
not  always  appear  at  an  earl}-^  stage,  and  runs,  by  no  means,  a 
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parallel  course  with  the  paralysis.  On  the  contrary,  the  paraly- 
sis may  have  lasted  some  time  before  there  is  any  atropliy,  or, 
at  least,  before  it  becomes  evident.  But  we  should  not  forget 
that  there  may  be  a  very  considerable  atrophy  and  degeneration 
of  the  tongue  and  lips  before  we  can  detect  it  by  mere  inspection. 
Charcot's  case  proves  quite  plainly  that  the  tong^^e  may  retain 
quite  a  normal  appearance,  volume,  and  smoothness,  and  yet,  on 
microscopic  examination,  exhibit  extensive  degeneration  of  its 
muscular  hbres. 

"We  are  thus  led  to  the  conclusion  that  atropliy  is  one  of  tlie 
most  constant  and  regular  symptoms  of  hulhar  paralysis,  ob- 
serving at  the  same  time  that  it  does  not  run  parallel  with  the 
paralysis.  The  atroph}^,  in  precisely  the  same  manner  as  the 
paralysis,  may  commence  at  various  points,  and  progress  from 
these ;  and  if  the  two  do  not  begin  simultaneously  and  progress 
in  the  same  direction,  this  only  proves  that  they  are  not  causally 
dependent  upon  one  another,  but  only  co-ordinate. 

In  many  cases  we  meet  with  local  atrophy  and  fibrillar  con- 
tractions of  the  small  muscles  of  the  hand.  This  is  the  first  indi- 
cation of  complication  with  progressive  muscular  atrophy,  which 
we  shall  discuss  more  fully  later  on. 

It  is  extremely  probable  that  the  atrophy  we  have  described 
arises  from  a  lesion  of  the  motor  nerve-nuclei  in  the  floor  of  the 
fourth  ventricle,  and  that  its  origin  is  due  in  great  part  to  degen- 
eration of  tlie  large  ganglion-cells  in  these  nuclei.  In  fact,  the 
symptoms  of  bulbar  paralysis  themselves  supply  the  best  possi- 
ble argument  for  the  assumption  of  a  nutritive  function  of  at 
least  some  of  these  cells. 

One  constant  and  necessary  consequence  of  the  disease  occurs 
sooner  or  later,  in  the  form  of  general  nutritive  disturbances — a 
state  of  extreme  emaciation,  increasing  and  finally  extreme  inani- 
tion, all  due  to  insufficient  supply  of  food.  It  is  self-evident  that 
this  must  be  accompanied  by  great  general  weakness,  even  with- 
out pronounced  paralysis,  and  that  the  patients  must  keep  to 
their  beds,  being,  in  fact,  scarcely  capable  of  stirring. 

There  is  no  fever  during  the  whole  course  of  the  disease, 
unless  arising  from  a  chance  complication. 

Among  the  rare  symptoms  of  progressive  bulbar  paralysis, 
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we  may  note  affections  of  tlie  auditdry  nerve,  consisting  of 
buzzing-  in  tlie  ears  and  deafness.  Whether  they  really  belong 
to  the  disease,  or  are  only  chance  complications,  and  part  of 
another  lesion,  which  was  confounded  with  bulbar  paralysis,  we 
cannot  decide.    In  any  case,  they  take  no  prominent  jDart. 

The  same  may  be  said  of  paralysis  of  the  orbital  muscles. 
It  is  not  a  usual  symptom  of  progressive  bulbar  paralysis  ;  still, 
it  is  occasionally  recorded.  Nor  is  it  at  all  strange  that  the  motor 
nuclei  of  the  nerves  supplying  these  muscles,  especially  the 
abducens  nucleus,  should  sometimes  participate  in  the  disease ; 
but  it  is  exceptional.  I  have  myself  seen  cases  in  which  ptosis 
and  paralysis  of  other  orbital  muscles  were  present,  but  am  not 
quite  sure  that  they  were  genuine  bulbar  paralysis. 

As  has  been  already  observed,  paralysis  of  the  muscles  of 
mastication  is  more  frequent,  resulting  from  the  spread  of  the 
disease  to  the  motor  nucleus  of  the  trigeminus.  Sensory  affec- 
tions of  tlie  trigeminus  are,  on  the  contrary,  very  rare,  occurring 
either  very  exceptionally,  or  perhaps  never.  The  symptoms  are 
a  furry  feeling  and  anaesthesia  on  both  sides  of  the  face,  and 
want  of  sensation  in  the  tongue. 

Sensory  affections  in  the  trunk  and  extremities  are  quite  as 
rare,  though  there  are  occasional  records  of  f  urriness  and  loss  of 
sensation  in  the  fingers,  excentric  neuralgia  in  the  extremities, 
pains  in  the  back  and  loins,  etc. 

Paralyses  in  the  trunk  and  extremities  are,  however,  more 
frequent.  Here  and  there  weakness  and  paralysis  of  the  cervical 
muscles,  especially  the  trapezii,  and  of  the  shoulder  muscles, 
etc.,  have  been  observed.  This  is  usually  accompanied  by  atro- 
phy, and  thus  forms  a  gradual  transition  to  progressive  muscular 
atrophy.  On  the  other  hand,  we  meet  with  paralyses  of  the 
lower  extremities,  with  contractures,  and  increased  ten  don -reflex, 
but  no  atrophy — a  complication  which  we  must  regard  as  amyo- 
trophic lateral  sclerosis,  and  which  we  shall  discuss  later  on. 

Little  is  known  of  any  vaso-motor  affections.  I  observed 
frequent  congestions  in  the  head  in  one  case,  a  very  red  face,  and 
a  feeling  of  heat  in  the  limbs  ;  but  it  was  a  man  who  was  alwaj'^s 
subject  to  these  symptoms. 

There  is  no  reliable  case  of  diabetes  mellitus  or  albuminuria 
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occurring  in  bulbar  paralysis,  tliougli  Decliery  makes  a  sliort 
reference  to  one  recorded  by  Voisin. 

The  symptoms  in  a  pronounced  case  of  bulbar  paralysis  arc 
so  characteristic  that  they  can  be  taken  in  at  a  glance  ;  but  still 
an  accurate  ohjectwe  examination  in  such  cases  is  of  service 
in  helping  to  fix  definitely,  and  enlarge  our  knowledge  of,  the 
whole  appearance  of  the  disease. 

Besides  the  functional  affections  which  we  have  described  in 
full,  we  may  be  able  to  detect  the  presence  of  paralysis  in  the 
tongue,  lips,  soft  palate,  and  sometimes  in  the  vocal  cords.  The 
tongne  lies  almost  immovable  on  the  floor  of  the  mouth,  and 
can  be  extended  over  the  teeth  only  with  great  difficulty.  Its 
point  can  no  more  reach  the  palate  or  cheeks,  and  its  root  cannot 
be  raised,  though  there  is  not  much  difficulty  in  drawing  it  back. 
In  fact,  the  paralysis  is  by  no  means  always  evenly  distributed 
over  the  whole  tongue,  generally  affecting  first  and  prominently 
the  internal  muscles,  the  lingual  muscles  proper. 

We  described  above  the  paralysis  of  the  lips.  The  soft  pal- 
ate loses  its  tense  appearance,  while  the  uvula  hangs  loosely, 
though  generally  quite  vertically,  and  is  usually  somewhat 
swollen.  During  phonation  we  observe  only  very  slight  motion 
— often  less  on  one  side  than  on  the  other.  The  laryngoscope 
reveals  to  us  the  paresis  or  paralysis  of  the  vocal  cords. 

The  results  of  electrical  examination  of  the  paralyzed  nerves 
and  muscles  is  especially  interesting,  though  it  is  true  that  most 
authors  up  to  the  last  few  years  have  left  us  very  scanty  records. 
As  a  rule,  we  find  it  stated  that  in  progressive  bulbar  paralysis 
both  the  faradic  and  galvanic  irritability  are  subject  to  no  note- 
worthy change,  or,  at  the  most,  a  simple  decrease,  without  any 
qualitative  alteration,  may  be  detected  in  the  very  last  stage. 

Thus,  Duchenne,  M.  Meyer,  Grasset,  and  Hallopeau  talk  of 
perfectly  normal  faradic  irritability  ;  Rosenthal,  Erdmann,  and 
Dechery  consider  it  normal,  or  only  diminished  in  a  few  cases  ; 
Benedikt  found  it  retained  for  a  long  time  in  the  tongue,  while 
it  had  diminished  in  the  muscles  of  the  face  ;  Wachsmuth  found 
it  completely  extinguished  ;  Leyden  asserts  that  the  diminution  of 
the  electric  irritability  is  not  noticeable  till  the  very  last  stages  of 
atrophy,  and  that  the  reaction  of  degeneration  was  not  observed  ; 
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Kussmaul  alone  observed  in  one  case,  where  the  faradic  irrita- 
bility of  the  orbicularis  oris  was  well  preserved,  that  its  galvanic 
and  mechanical  irritability  had  increased.  Thus,  it  appears 
there  was  a  degenerative  reaction  in  this  muscle,  although  it 
cannot  be  deduced  with  certainty  from  Kussmaul' s  brief  report, 
and  was  certainly  not  recognized  as  such. 

ETicouraged  by  my  observations  in  progressive  muscular  atro- 
phy (elsewhere  reported  and  led  on  by  the  conviction  that  the 
form  of  degenerative  atrophy  with  which  we  have  to  deal  in 
bulbar  paralysis  would  be  physiologically  expressed  by  the 
''reaction  of  degeneration,"  I  expected  certainly  to  find  this 
reaction  in  the  disease,  and  my  expectation  was  fully  justified 
by  the  first  pronounced  case  which  came  under  my  observation, 
and  which  I  examined  with  great  care.  I  found,  in  fact,  the 
most  marJced  reaction  of  degeneration  in  direct  irritation  of  tJie 
7nuscles,  both  on  the  chin  and  in  the  lips,  and  even  in  the 
tongue.  At  the  same  time,  however,  the  electric  irritability  of 
their  nerves  was  normal,  or  but  slightly  diminished  ;  so  that  we 
have  exactly  the  same  form  of  degenerative  reaction  which  I 
have  described  as  characteristic  of  the  so-called  "  middle  form  " 
of  certain  peripheral  paralyses  (cf.  Vol.  XI.),  and  I  have  no 
doubt  that  we  shall  find  the  same  thing,  if  we  look  carefully  for 
it,  in  all  cases  where  atrophy  of  the  muscles  has  reached  a  cer- 
tain point. 

The  patient  in  this  case,  -which  I  intend  to  publish  elsewhere  in  full,  was  a 
woman,  aged  sixty-two,  who  had  shown  symptoms  of  i^rogressive  bulbar  paralysis 
for  a  year  and  a  half,  complicated  in  the  last  three  months  by  a  commencing  atro- 
phy of  the  thenar  and  interosseous  muscles.  At  the  time  I  examined  her,  the 
symptoms  of  bulbar  paralysis  had  reached  their  most  typical  appearance.  The  far- 
adic examination  revealed  no  plain  diminution  of  the  irritability  in  the  inferior 
branches  of  the  facialis  and  muscles  of  tlic  lips  and  chin.  Tlie  faradic  irritability 
of  the  tongue,  both  directly  and  through  the  nerve,  was  likewise  normal,  or  per- 
haps slightly  diminished.  Galvanic  examination  of  the  inferior  brandies  of  the 
facialis  showed  no  diminution  of  irritability,  or  only  a  very  slight  one ;  nor  was  the 
quality  altered  (cathodal  closing  contraction  was  greater  than  the  anodal,  the  con- 
traction short,  like  a  flash  of  lightning).    Direct  galvanic  irritation  of  the  muscles, 


'  Vide  supra,  Section  16.  Compare,  too,  Erb^  Ein  Fall  von  Blcilahmuug.  Arch.  f. 
Psych,  u.  Nervenkrankh.  V.  p.  453.  1875. 
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however,  revealed  the  jjlainest  symptoms  of  the  reaction  of  degeneration  in  the  atrophic 
labial  and  mental  muscles.  When  the  muscles  were  irritated  through  the  nerves, 
there  M'as  only  a  slight,  though  normal,  contraction  at  the  cathodal  closure  with 
eight  cells,  and  no  anodal  closure  contraction,  while  there  were  extensive  though 
sluggish  and  tonic  contractions  when  the  muscles  were  irritated  directly  with  the 
same  number  of  cells.  Tlie  contraction  at  the  anodal  closure,  too,  appeared  greater 
than  at  the  cathodal.  Even  with  six  cells  these  contractions  are  quite  distinct, 
while  through  the  nerve  no  effect  is  produced.  Direct  irritation  of  the  tongue  with 
a  current  of  four  or  six  cells  resulted  in  evident  closure  contractions,  and  most 
unmistakably  greater  at  the  anodal  than  at  the  cathodal  closure.  The  sluggish 
character  of  the  contraction  was  not  distinctly  recognized.  We  found  exactly  the 
same  condition  in  the  thenar  and  first  interosseous  muscles. 

Considering  tlie  greai  practical  and  tlieoretical  interest  of 
these  results,  it  would  be  very  desirable  to  test  tliem  further  and 
in  a  greater  number  of  cases. 

Examination  of  the  sensihiUty  usually  reveals  no  disturb- 
ance vi'hatsoever.  It  is  quite  normal  in  the  particular  cases  of 
the  face,  mouth,  and  nares.  Frequently,  however,  the  superior 
cervical  vertebra  are  painful  on  j^ressure. 

In  many  cases  the  heJiamor  of  the  reflex  actions  -s  striking. 
They  are  often  greatly  diminished,  or  even  totally  extinguished, 
so  that  we  can  touch  and  irritate  (with  our  fingers  or  an  instru- 
ment) the  patient's  tongue,  soft  palate,  pharynx,  and  even 
larynx,  without  exciting  any  considerable  reflex  action,  such  as 
the  motions  of  vomiting  or  coughing.  At  the  same  time  the  pa- 
tient can  feel  and  localize  each  touch  quite  distinctly.  Krishaber 
examined  this  point  very  accurately  in  two  cases,  and  found 
even  the  larynx  extremely  insensitive  to  the  action  of  caustic. 
This  is,  however,  not  always  the  case  ;  on  the  contrary,  I  have 
in  many  of  my  cases  found  that  the  reflex  irritability  of  the 
palate  and  pharynx  was  retained  till  the  later  stages  of  the 
disease.  Still,  in  others  I  have  seen  it  extinguished  at  an  earJy 
date. 

In  the  case  of  which  I  have  given  the  above  sketch,  I  ob- 
served very  strildng  reflex  contractions  in  the  muscles  of  the 
chin  and  lips.  When  percussed,  their  whole  snrface  fell  into 
active,  short  contractions,  but  the  muscles  percussed  remained 
perfectly  passive.  To  prove  more  clearly  their  reflex  nature,  I 
produced  these  contractions  by  similar  percussion  of  the  nose. 
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When  the  cornea  was  irritated  the  diseased  muscles  contracted 
most  actively. 

In  conclusion,  we  may  call  attention  to  a  number  of  negative 
symptoms^  whicli  are  also  rather  characteristic.  In  the  first 
place  we  have  perfectly  normal  intelligence,  memory,  and  sleep  ; 
unaffected  organs  of  special  sense  and  unaffected  movements  of 
the  eyes  ;  normal  sensibility ;  absence  of  motor  and  sensory 
affections  in  the  extremities,  at  least  in  the  firs,',  stages  of  the 
disease  ;  normal  function  of  the  bladder  and  rectum ;  unim- 
paired appetite  and  good  digestion  ;  and  finally,  no  fever. 

Course,  Duration,  and  Terminations. 

The  course  of  progressive  bulbar  paralysis  is  always  very 
slow  and  chronic  from  beginning  to  end. 

Any  alteration  of  pace  in  the  course  is  rare,  though  it  may 
halt  for  a  little,  and  then  go  steadily  on  its  way  again.  There  is 
seldom  an  improvement  of  any  duration. 

Recovery  has  never  been  observed,  at  least  when  the  diag- 
nosis was  certain. 

As  a  rule,  the  course  is  fatal,  and  death  generally  results  in 
a  few  years  (from  one  to  five),  either  from  progressive  general 
inanition  and  exhaustion,  from  fits  of  choking  and  asphyxia, 
from  an  attack  of  syncope  and  paralysis  of  the  heart,  or,  finallj^, 
from  intercurrent  complications,  which  effect  a  more  rapid  ter- 
mination than  the  condition  of  the  bulbar  paralysis  would  lead 
us  to  expect. 

Complications. 

By  far  the  most  important  and  frequent  complication  of  pro- 
gressive bulbar  paralysis  is  the  typical  form  of  progressitie  mus- 
cular atrophy.  This  has  been  very  frequently  observed,  and 
may  occur  in  two  ways.  Either  an  extensive  progressive  muscu- 
lar atrophy  attacks  an  already  well-developed  case  of  progres- 
sive bulbar  paralysis,  or  at  least  traces  of  it  may  be  found  on 
the  hands  and  scapular  muscles,  and  fibrillar  contractions  occur 
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in  different  parts  of  the  body.  Or,  on  the  otlier  hand,  we  may- 
see  a  perfect  case  of  progressive  muscular  atrophy,  and  after 
some  time  atrophic  paralysis  of  the  tongue,  lips  and  palate  sets 
in,  so  that  at  last  the  patient  dies  of  typical  progressive  bulbar 
paralysis. 

It  has  often  been  discussed  whether  the  two  forms  of  disease 
are  related,  and  merely  distinguished  from  one  another  by  their 
localization  and  the  different  directions  in  which  they  develop. 
Duchenne,  indeed,  who  observed  the  frequency  with  which  they 
occurred  together,  asserted  that  it  was  a  mere  combination  of 
two  totally  distinct  diseases.  According  to  him,  bulbar  paraly- 
sis is  paralysis  without  atrophy,  and  progressive  muscular  atro- 
phy, on  the  contrary,  atrophy  without  paralysis. 

But  the  fact  alone  of  their  frequent  combination  speaks  for 
their  close  relationship.  A  still  stronger  argument  is  that  the 
clinical  symptoms  exJiiMted  by  the  affected  muscles  are  per- 
fectly similar ;  in  both  cases  we  have  weakness  and  atrophy, 
with  predominance  sometimes  of  one  and  sometimes  of  the  other, 
attacking  the  different  muscles  and  sets  of  muscles  in  iiTegular 
order,  and  showing  a  tendency  to  progressive  disease.  Besides, 
the  changes  in  electrical  irritability  are  identical,  and  the  same 
may  be  said,  of  the  pathologico-anatomical  process  in  the  nerves 
and  muscles,  which  is  a  typical  form  of  degenerative  atrophy. 
And  finally,  we  find  post-mortem  exactly  the  same  anatomical 
changes  in  the  central  nervous  system — either  a  simple  pigment- 
ary atrophy  of  the  multipolar  ganglion -cells  in  the  gray  sub- 
stance, or  a  chronic  sclerotic  myelitis,  producing  at  the  same 
time  the  destruction  of  the  ganglion-cells. 

The  great  number  and  unanimity  of  modern  investigations  all 
compel  us  to  regard  progressive  muscular  atrophy  as  essentially 
resulting  from  degeneration  and  destruction  of  the  large  gan- 
glion-cells of  the  anterior  cornua.  And  in  the  same  manner  all 
carefully  made  autopsies  teach  us  that  the  essential  lesion  in 
progressive  bulbar  paralysis  is,  in  all  probability,  degeneration 
and  destruction  of  the  large  ganglion-cells  in  the  motor  nuclei 
of  the  medulla  oblongata. 

Now,  it  cannot  be  for  a  moment  doubted  that  the  gray  motor 
nuclei  of  the  medulla  are  prolongations  of  the  anterior  gray 
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columns,  and  that  the  two  are  anatomically  and  physiologically 
analogous. 

We  may  accordingly  assume  that  in  hoth  diseases  tlie  patho- 
logical processes  are  either  essentially  identical,  or  at  least  very 
closely  related,  and  that  it  depends  on  their  localization  chiefly 
whether  the  result  is  muscular  atrophy  or  bulbar  paralysis,  and 
that  consequently  these  two  diseases  may  combine  frequently 
and  in  every  proportion. 

This  view  has  been  very  beautifully  expounded  and  argued 
by  Kussmaul.  Shortly  afterwards  Hallopeau,  on  the  same 
grounds  as  Kussmaul,  asserted  the  relationship  of  the  two  dis- 
eases, only  distinguished  by  their  localization.  Perhaps  a  little 
too  early,  he  proposes  for  both  diseases  the  name  of  "  atrophie 
primitive  chronique  des  noyaux  moteurs,"  and  distinguishes  a 
bulbar  form  (progressive  bulbar  paralysis),  a  spinal  (progressive 
muscular  atrophy),  and  a  bulbo-spinal  form  (a  combination  of 
the  two). 

In  the  preceding  paragraphs  we  have  given  the  views  of  nearly  all  modern 
neurologists,  with  which  we  ourselves,  too,  fully  agree  on  the  grounds  of  the  facts 
we  have  learned.  Even  Trousseau  in  his  time  declared  for  the  relationship  of  the 
two  forms,  though  he  did  not  think  they  were  quite  identical.  Benedikt  can  draw 
no  distinction  between  cases  witli  and  those  without  atrophy.  Leyden,  Charcot, 
Poincar6,  Grasset  and  others  all  agree  to  the  comiilete  unity  of  the  diseases ;  and 
Kayser,  in  a  lately  published  review  of  the  question,  takes  the  same  side. 

At  the  same  time  it  should  not  be  forgotten  that  high  authorities  do  not  take 
this  view.  In  the  first  rank  comes  Duclienne,  who  was  the  first  to  set  up  the  dis- 
tinction we  have  so  often  noticed,  asserting  that  in  bulbar  paralysis  there  was  only 
paralysis.  It  is,  indeed,  liardly  credible  that  so  distinguished  an  observer  as 
Duchenne  should  have  overlooked  the  atrophy,  which  is  at  least  very  frequent.  At 
a  later  period  Duchenne  modified  his  views  considerably.  He  admitted  that  the 
anatomical  lesion  in  the  two  cases  was  identical  (primary  atrophy  of  the  large 
ganglion-cells),  and  allowed  that  they  were  often  combined ;  but  still  he  held  fast 
to  his  old  clinical  distinction  of  paralysis  in  the  one  case  and  atrophy  in  the  other. 
He  tried  to  get  himself  out  of  the  dilemma  by  the  hypothetical  assumption  that 
there  exist  two  kinds  of  multipolar  ganglia — motor  and  nutritive,  and  that  in  pro- 
gressive bulbar  paralysis  exclusively  or  chiefly  the  motor  ganglia  were  affected,  and 
in  progressive  muscular  atrophy  only  the  nutritive.  Hammond  quite  agrees  with 
this  view. 

One  could  very  easily  agree  to  this,  and  temporarily  accept  this  rather  plausible 
hypothesis,  if  it  only  could  be  proved  that  progressive  bulbar  paralysis  really  exists 
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wWiout  atrophy.  But  this  has  never  leen  x>rovied.  Instead  of  proofs,  we  meet  with 
the  constant  assertion  that  there  is  no  atroi^hy,  in  direct  contradiction  to  what  is 
constantly  observed  by  all  modern  authors. 

The  histories  of  his  own  cases  prove  that  Duchonne  himself  did  not  meet  solely 
with  cases  without  atrophy.  In  observations  140  and  141  (Electris.  localis.  2d  Cd. 
pp.  622  and  629),  Duchenne  narrates  that  the  tongue  was  wrinlcled  and  furrowed, 
"et  en  apparence  atrophi6e,"  and  then  goes  on  naively  to  state  that  in  botli  cases, 
after  a  few  faradic  sittings,  it  again  assumed  "  its  normal  volume,"  ergo,  it  must 
have  been  atrophied  before. 

It  is  quite  plain  that  it  is  not  always  an  easy  matter  to  detect  atrophy  in  an 
organ  like  the  tongue,  and  that  further  it  may  be  concealed  by  a  secondary  growth 
of  connective  tissue  or  deposition  of  fat.  Naturally,  too,  disturbances  of  the  action 
of  the  tongue,  which  requires  such  precision,  can  be  detected  at  a  much  earlier  date 
than  the  atrophy  which  creeps  so  slowly  after.  It  is  almost  superfluous  to  adduce 
as  evidence  Charcot's  observation,  that  the  tongue  may  during  life  retain  its  normal 
appearance  and  i^roportions,  and  still,  when  examined  post-mortem,  bo  found  to 
have  undergone  extensive  degenerative  atrophy.  Consequently  the  anatomical 
examination,  and  not  the  clinical,  can  alone  decide  the  absence  of  atrophy.  And 
all  observations  restricted  to  a  clinical  examination,  or  which  do  not  employ  the 
microscope  at  the  autopsy,  as  well  as  all  which  relate  to  other  lesions  than  degen- 
erative atrophy  of  the  gray  nuclei,  are  utterly  worthless  for  the  decision  of  this 
question. 

Nothing  can  decide  but  a  complete  autopsy  embracing  all  points,  and  tliere  is 
no  siccJt  an  one.  In  the  only  one  (which  was  published  by  Duchenne  himself,  and 
performed  by  JofEroy)  it  is  a  matter  of  extreme  regret  tliat  the  muscles  (tongue, 
lips,  etc.)  could  not  be  examined.  Tlie  decisive  autopsy,  consequently,  has  still  to 
be  made. 

Accordingly,  D6chery's  thesis,  written  probably  at  least  in  part  under  Duchennc's 
guidance,  and  attempting  the  rescue  of  "  bulbar  paralysis  without  atrophy,"  can  hard- 
ly be  regarded  as  a  success.  D6chery  brings  forward  this  form,  without  being  able 
to  prove  its  existence,  and  since  he  cannot  bring  himself  to  accept  Duchennc's 
hypothesis  of  separate  motor  and  nutritive  cells,  strives  to  get  out  of  the  difficulty 
by  assuming  that  in  ?wn-atrophic  bulbar  paralysis  only  a  few  cells  in  the  gray 
nuclei  are  affected,  and  all  or  a  great  many  in  the  atrophic  form.  Duchennc's 
hypothesis  certainly  sounds  more  plausible  than  this. 

But  in  the  last  few  years  the  doctrine  of  close  relationship  between  progressive 
bulbar  paralysis  and  muscular  atrophy  has  found  a  stout  opponent  in  Friedreich. 
He  devotes  a  special  chapter,  in  his  work  on  progressive  muscular  atrophy,  to  the 
relationship  between  it  and  progressive  bulbar  paralysis,  and  comes  to  the  follow- 
ing conclusions :  Progressive  bulbar  paralysis  is  essentially  a  pure  paralysis,  and  it 
is  characterized  clinically  by  the  fact  that  the  muscles  retain  their  normal  volume  ; 
yet  sooner  or  later  atrophy  may  be  superadded.  Now,  if  this  bulbar  paralysis 
commences  in  a  case  of  already  developed  muscular  atrophy,  the  reason  is  tliat  an 
ascending  neuritis,  derived  from  the  muscles,  spreads  to  the  cervical  portion  of  the 
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spinal  cord,  and  is  from  this  propagated  to  tlie  medulla  oblongata,  wliere  it 
becomes  established  as  bulbar  paralysis.  In  cases  where  progressive  muscular 
atrophy  appears  as  a  complication  of  bulbar  paralysis,  ■vve  must  assume  tliat  it  is 
primarily  a  case  of  paralysis,  produced  by  propagation  of  the  bulbar  process  into 
the  spinal  cord,  and  that  tlien  a  secondary  atrophy  commences  in  the  paralyzed 
muscles,  an  atrophy,  consequently,  which  has  nothing  to  do  with  genuine  progressive 
muscular  atropliy.  Finally,  there  exists  a  progressive  atrophy  of  the  muscles  of  the 
face,  palate,  and  tongue,  which  is,  however,  only  a  part  (generally  of  late  occur- 
rence) of  a  very  extensive  general  progressive  muscular  atroj^hy. 

It  is  not  in  place  to  discuss  these  somewliat  complicated  views  of  Friedreich's; 
in  fact,  it  would  not  be  possible  without  a  very  thorough  exposition  of  his  myopathic 
theory  of  progressive  muscular  atrophy,  for  which  there  is  not  space  in  this  work. 
We  only  repeat,  that  in  opposition  to  Friedreich's  view,  it  must  be  asserted  that  the 
existence  of  bulbar  paralysis  loithout  degenerative  atrojjhy  of  the  muscles  remains 
to  be  proved.  And  further,  our  own  experience  does  not  lead  ns  to  believe  that  the 
complication  of  bulbar  paralysis  with  progressive  muscular  atrophy  does  not  occur 
by  any  means  unexceptionally  through  the  intermediation  of  a  ^paralysis  preceding 
the  atrophy. 

"With  the  facts  at  present  before  us,  we  are  compelled  to  adhere  to  our  convic- 
tion that  paralysis  and  atropliy  are  always  combined  in  progressive  bulbar  paralysis, 
though  the  relative  proportions  may  vary,  i.  e.,  in  one  case  atrophy  may  occur  earlier 
and  be  more  marked  than  in  another,  and  Dice  versa.  But  it  does  not  appear  to  us 
allowable  to  draw  a  sharp  distinction  between  the  two  forms  of  disease  on  the  mere 
ground  of  a  difference  in  the  degree  of  atrophy. 

The  existence  of  i^rogressive  bulbar  paralysis  without  atrophy  remains  to  be 
proved,  and  when  this  is  done  we  shall  gladly  recognize  it,  and  likewise  a  primary, 
isolated,  progressive  atrophy  of  the  lingual,  labial,  and  palatine  muscles.  For  the 
present  we  shall  restrict  the  idea  of  the  bulbar  i^aralysis  we  have  described  in  the 
foregoing  pages  to  a  disease  which  commences  with  more  or  less  eai'ly  and  well- 
marked  degenerative  atrophy  of  the  muscles,  and  which  is,  in  this  respect,  and  in 
its  anatomical  foundation,  closely  allied  to  progressive  muscular  atrophy. 

A  second  important  complication  of  progressive  bulbar  paral- 
ysis is  with  amyotrojpliic  lateral  sclerosis.  Bulbar  paralysis 
often  occurs  in  the  last,  stage  of  this  disease,  which  has  been 
described  by  Charcot,  and  causes  the  death  of  the  patient.  In 
this  case,  also,  it  is  characterized  by  the  same  anatomical  lesion 
— that  is  to  say,  degeneration  and  atrophy  of  the  gray  nuclei 
of  the  medulla.  The  disease  is  further  characterized  by  the 
symptoms  of  progressive  muscular  atrophy  in  the  superior 
and  spastic  spinal  paralysis  (lateral  sclerosis)  in  the  inferior  ex- 
tremities.   To  this  class  belong  a  number  of  cases  described  as 
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bulbar  paralysis  or  progressive  muscular  atrophy.  It  is  clearly 
a  complication  of  a  chronic  degenerative  process  in  the  medulla, 
with  similar  extensive  chronic  processes  in  both  the  white  and 
gray  matter  of  the  spinal  cord. 

The  anatomical  facts  and  clinical  symptoms  allow  us  to  con- 
jecture an  immediate  relationship  between  the  three  diseases — 
progressive  bulbar  paralysis,  progressive  muscular  atrophy,  and 
amyotrophic  lateral  sclerosis.  But  we  need  more  numerous,  em- 
bracing, and  careful  observations  before  we  can  determine  their 
relations,  and  either  distinguish  sharply  between  them,  or  unite 
them  more  closely. 

TJieory  of  the  Disease. 

Our  whole  description  shows  pretty  plainly  how  little  we  know 
relatively,  and  especially  how  few  certain  data  we  have,  to  found 
a  theory. 

One  fact  is  beyond  doubt :  that  in  bulbar  paralysis  we  have  a 
progressive  paralysis  and  atrophy  of  certain  muscles  and  muscu- 
lar groups,  and  that  this  corresponds  anatomically  to  a  degenera- 
tive atrophy  of  the  muscles  and  their  nerves  and  nerve-roots, 
and  finally,  of  their  gray  nuclei  and  large  ganglion-cells.  The 
functional  derangements  may  be  satisfactorily  explained  b}''  these 
anatomical  changes. 

Probably  the  degenerative  atrophy  of  the  ganglion-cells  is  the 
primary  part  of  the  disease  ;  for,  as  this  condition  of  the  cells  is 
constant,  it  cannot  be  the  degeneration  of  the  root-fascicles,  or 
any  other  conducting  tract  of  the  medulla,  which  gives  rise  to 
the  symptoms. 

We  are  still  in  darkness  as  to  how  this  process  in  the  gan- 
glion-cells comes  about,  and  what  it  actually  is — whether  it  is  a 
primary  (interstitial)  myelitis  with  secondary  atrophy  of  the 
cells,  or  a  primary  idiopathic  degeneration.  This  question  seems 
hardly  ripe  for  discussion.  Nor  can  anything  more  be  said  of 
the  manner  in  which  the  process  is  carried  out. 

Furthermore,  there  is  no  light  on  the  exact  relationship  be- 
tween what  is  plainly  the  primary  central  lesion,  and  the  sec- 
ondary changes  which  take  place  in  the  nerves  and  muscles.  It 
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seems  to  us  very  improbable  tliat  a  descending  neuritis  is  prop- 
agated from  the  centre  in  tlie  medulla  along  the  nerves  to  tlie 
muscles,  creating  in  these  latter  an  inflammational  atrophy.  The 
centre  in  the  medulla  seems  too  small  and  limited  to  meet  this 
supposition,  and  shows  too  few  signs  of  actual  inflammation. 
Besides,  the  changes  in  the  nerves  are  not  proportionate  to  those 
in  the  muscles,  and  then,  too,  electric  examination  proves  that 
the  nerves  may  be  quite  unimpaired  whilst  the  muscles  are  far 
advanced  in  degeneration.  We  must  consequently  regard  this 
degenerative  atrophy  as  neurotic.  But  there  is  nothing  to  ex- 
plain the  relations  of  the  different  affected  central  structures  to 
the  origin  of  the  paralysis  and  the  production  of  nutritive  de- 
rangements in  the  muscles  and  nerves. 

We  are  here  again  met  by  the  questions  we  have  already 
discussed  and  designated  as  a  rewarding  object  of  future  in- 
vestigations, i.  e.,  Are  there  separate  and  peculiar  motor  and 
nutritive  cells  ?  Have  the  muscles  and  nerves  separate  nutritive 
centres  ?  How  must  the  lesion  be  located  to  produce  paralysis 
alone,  paralysis  with  atrophy,  or  atrophy  without  paralysis?  Do 
facts  allow  us  to  distinguish  between  a  form  of  bulbar  paralysis 
commencing  with  paralysis,  but  leading,  without  fail,  to  atrophy 
(analogous  to  spinal  poliomyelitis  ant.  chron.),  and  another  form, 
in  which  the  atrophy  is  primary,  and  in  which  the  paralysis  is 
due  merely  to  atrophy  (analogous  to  the  typical  form  of  progres- 
sive muscular  atrophy)  ? 

These  and  other  theoretical  questions  await  an  answer,  which 
can  only  be  given  by  very  deep  researches.  It  would  appear 
advisable  here  to  include  not  only  all  cases  of  progressive  bulbar 
paralysis  and  progressive  muscular  atrophy,  but  also  those  of 
amyotrophic  lateral  sclerosis,  and  poliomyelitis  anterior  chronica. 

Diagnosis. 

When  bulbar  paralysis  is  fairly  developed,  the  symptoms  are 
so  extremely  characteristic  that  it  is  hardly  possible  to  mistake 
them.  It  is  unnecessary  to  repeat  the  individual  characteristics 
here. 

But  it  is  frequently  a  difficult  matter  to  recognize  the  very 
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commencement  of  the  disease.  "We  should  here  pay  attention  to 
any  slight  difficulty  of  speech,  a  certain  stifiPness  of  the  lips, 
slight  alteration  in  the  expression  of  the  face,  to  a  feeling  of  pres- 
sure and  traction  in  the  back  of  the  neck,  slight  trembling  in  the 
tongue  when  put  out,  traces  of  a  nasal  voice,  etc.,  etc.  Any  traces 
of  atrophy  in  the  small  muscles  of  the  hand  are  likewise  of  im- 
portance. 

It  is  hardly  worth  mention  that  at  this  stage  there  is  no 
trouble  about  distinguishing  the  disease  from  a  simple  angina,  or 
stomatitis  simplex. 

When  the  disease  is  further  advanced  the  great  task  is  to  dis- 
tinguish between  '•^bulbar''''  paralysis  from  other  causes  and 
primary  progressive  bulbar  paralysis. 

When  the  bulbar  paralytic  symptoms  (derangement  of  speech 
and  deglutition,  paresis  of  the  lips,  paralysis  of  the  tongue, 
palate,  etc.)  are  only  some  of  many  arising  from  extensive  dis- 
ease in  the  central  nervous  system — e.  g.^  disseminated  sclerosis, 
general  paralysis  of  the  insane,  amyotrophic  lateral  sclerosis, 
poliomyelitis  anterior  chronica  ascendens, — then  the  first  matter 
to  be  settled  is  the  diagnosis  of  these  diseases  from  the  symptoms 
that  belong  to  them,  in  order  thus  to  gain  a  clear  idea  of  the  po- 
sition occupied  by  the  bulbar  symptoms,  and  of  any  special 
process  taking  place  in  the  medulla. 

But  it  is  more  important,  when  the  disease  is  actually  local- 
ized in  the  medulla,  to  make  out  its  nature,  whether  it  is  a 
primary  atrophy  of  the  gray  nuclei  on  the  floor  of  the  fourth 
ventricle,  or  whether  it  is  a  different  pathological  process.  The 
diagnosis  must  in  this  case  depend  upon  the  most  accurate  ex- 
amination possible  of  the  course  and  development  of  the  disease, 
and  a  careful  investigation  of  all,  and  especially  of  the  unusual 
symptoms. 

Tile  manner  in  which  the  disease  commences  is  the  best  guide 
to  distinguish  it  from  embolism,  thrombosis,  and  hemorrhage  in 
the  medulla.  These  three  always  commence  acutely  and  suddenl}^, 
whereas  progressive  bulbar  paralj'sis  is  very  gradual.  The  paral- 
ysis is  frequently  partial,  limited  to,  or  predominant  on,  one  side. 
An  apoplectic  attack,  violent  dizziness,  or  an  epileptoid  fit  often 
form  the  onset.  Besides,  these  diseases  have  no  progressive  char- 
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acter,  but  rather  a  tendency  to  improve.  Nor  is  there  generally 
any  difficulty  in  recognizing  the  later  results  of  these  processes, 
such  as  liemiplegia  with  contractures,  absence  of  atrophy,  stabil- 
ity of  tlie  bulbar  symptoms. 

The  differential  diagnosis  of  tumors  which  compress  the  me- 
dulla is  of  more  importance,  as  their  course  is  usually  one  of 
slow  development.  Here  we  should  note  that  at  first  the  patient 
nearly  always  suffers  from  violent  headaches,  dizziness,  buzzing 
in  the  ears,  vomiting,  etc.  We  should  also  look  specially  for 
initial  symptoms  of  irritation  or  paralysis  of  the  bulbar  nerve- 
roots,  especially  neuralgia  and  anjesthesia  in  the  trigeminus, 
derangements  of  hearing,  spasms  and  contractions  in  the  face 
and  tongue,  paralysis  of  the  abducens  and  facialis,  or  of  the 
tongue,  with  early  pronounced  degenerative  reaction  of  a  com- 
plete nature — all  this  is  the  more  important,  the  more  unilateral 
the  symptoms  are.  When  the  compressing  body  is  situated 
anteriorly,  and  acts  on  the  bulbar  roots  of  both  sides,  it  is  often 
hardly  possible  to  draw  a  distinction.  Early  paralysis  of  the 
limbs  with  contractures  is  likewise  of  importance,  when  the 
tendon-reflex  is  increased  and  there  is  no  atrophy.  Then,  too, 
repeated  epileptic  attacks  should  be  noted,  attacks  of  fainting 
and  temporary  amaurosis,  and  finally  all  other  symptoms  which 
indicate  the  presence  of  a  neoplasm  within  the  skull  (ophthal- 
moscopic examination,  etc.). 

It  is  easy,  as  a  rule,  to  distinguish  bulbar  paralysis  from  a 
diplegia  facialis  of  peripheral  origin.  The  diagnosis  may  be 
founded  on  the  complete  paralysis  of  all  branches  of  the  facialis, 
inclusive  of  the  superior  ones,  as  well  as  on  the  intense  degenera- 
tive reaction  we  generally  find,  the  complete  immunity  of  the 
tongue,  normal  deglutition,  and  the  eventual  ageusis  of  the  point 
of  the  tongue.  Nor  is  there  much  difficulty  with  a  diplegia  faci- 
alis of  cerebral  origin,  which  may  be  distinguished  by  the  simul- 
taneous paralysis  of  the  extremities  and  perfectly  unimpaired 
electric  irritability,  and  also  by  the  manner  in  which  the  disease 
is  developed. 

We  should  not,  however,  forget,  when  dealing  with  symptoms 
even  of  bilateral  paralysis  of  the  bulbar  nerves,  that  all  the 
symptoms  of  labial,  lingual,  and  pharyngeal  paralysis  may  be 
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caused  by  lesions  localized  more  centrally  in  the  hemispheres, 
corpus  striatum,  internal  capsule,  etc.  In  such  cases  we  are  ad- 
vised by  Joffroy  to  observe  that  the  paralyses  of  the  tongue, 
palate,  lips,  and  pharynx  are  never  long  complete.  It  is  also 
characteristic  that  they  arise  from  two  plainly  separate  unilateral 
affections,  and  there  is  frequently  a  preponderance  on  the  one 
side  or  other  ;  there  is  no  atrophy  ;  electrical  irritability  is  quite 
normal,  and  there  is  no  reaction  of  degeneration  ;  reflex  action  re- 
mains unaltered,  or  may  be  increased ;  the  extremities  are  like- 
wise paralyzed,  without  atrophy. 

We  may  mention,  Anally,  that  Jolly  in  a  case  of  extensive 
cerebral  sclerosis  '  saw  the  gradual  development  of  a  bulbar  jDar- 
alysis  of  most  unmistakable  nature,  though  without  atrophy  of 
the  tongue,  and  at  the  autopsy  he  found  no  notable  pathological 
change  in  the  medulla,  especially  no  alteration  of  the  nuclei  in 
the  floor  of  the  fourth  ventricle.  This  case  teaches  us  that  a 
very  similar  set  of  symptoms  may  be  produced  by  a  lesion  in  the 
anterior  tracts,  and  that  we  cannot  be  too  particular  in  making  a 
differential  diagnosis  to  note  every  symptom,  even  those  that 
seem  quite  insignificant. 

Prognosis. 

In  all  the  well-observed  and  accurately  recorded  cases  of 
genuine  bulbar  paralysis,  there  is  hardly  an  instance  of  recover}^, 
and  but  seldom  a  halt  in  the  course,  or  a  transitory  improve- 
ment. There  are,  indeed,  a  number  of  recorded  cases  in  which 
considerable  improvement  took  place,  and  even  some  cures  ;  but 
when  we  look  closely  at  these  records  we  see  that  t\\Qj  are  not 
cases  of  bulbar  paralysis  at  all,  or  else  very  doubtful  ones.  No 
typical,  genuine  case  has  yet  been  treated  with  lasting  success. 
I  have  mj^self  treated  numbers  of  such  cases  without  success  ;  in 
fact,  the  only  case  which  seemed  successful,  when  reviewed  more 
accurately,  cannot  strictly  be  included,  although  it  had  certainly 
very  strong  points  of  similarity  with  the  typical  form. 

With  our  present  knowledge  we  must,  accordingly,  term  the 
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prognosis  absolutely  fatal.  We  can  in  such  cases  prophesy  the 
patient's  death  within  a  few  years.  Benediltt's  assertion  that  tlie 
prognosis  of  "progressive  paralysis  of  the  cerebral  nerves"  is 
more  favorable  than  that  of  locomotor  ataxy,  progressive  muscu- 
Itir  atrophy,  etc.,  applies  very  well  to  a  series  of  diseases  which 
Benedikt  classifies  under  this  heading,  but  which  have  certainly 
nothing  to  do  with  progressive  bulbar  paralysis. 

In  some  cases  a  prognosis  may  be  formed  from  the  stage  of 
the  disease  and  its  principal  symptoms.  Intense  dysphagia  is, 
of  course,  an  unfavorable  sign,  and  likewise  advanced  inanition, 
dyspnoea,  and  fits  of  suifocation.  In  fact,  the  greater  the  resjoir- 
atory  derangements,  the  nearer  is  the  end.  Duchenne  considered 
the  incapability  of  lateral  motion  of  the  Jaw  (paralysis  of  the 
pterygoids)  as  a  prognostically  unfavorable  symptom,  as  in  that 
case  the  disease  is  in  the  proximity  of  the  nuclei  of  the  vagus, 
and  death  may  soon  be  expected. 

Treatment. 

The  prognosis  we  liave  just  given  speaks  for  the  bad  success 
of  every  treatment. 

However,  it  would  be  quite  unjustifiable  to  renounce  every 
effort  to  cure  the  disease.  Perhaps  time  will  bring  us  suitable 
agents  and  methods.  Perhaps,  too,  when  taken  early,  the  disease 
is  more  tractable ;  and  then  the  transitory  successes  that  are 
occasionally  attained  stimulate  us  to  farther  therapeutic  efforts. 
Certainly  the  experience  we  have  gained  of  progressive  muscular 
atrophy  is  not  exactly  encouraging. 

We  have  to  deal  with  a  chronic,  slowly  progressive  degenera- 
tion, which  comes  on  with  very  slight  symptoms  of  irritation  and 
without  any  evident  inflammational  process  or  growth  of  tissue, 
and  the  proximate  and  ultimate  causes  of  which  are  unknown  to 
us.  Accordingly,  the  indication  is  to  improve  the  abnormal 
nourishment  of  the  nervous  system,  and  to  rouse  the  regenera- 
tive activity — in  a  word,  the  indication 'is  "alterative." 

In  the  earliest  stages  we  should  apply  (according  to  the  ini- 
tial symptoms)  gentle  derivatives  at  regular  intervals  (Kuss- 
maul),  bloody  and  dry  cupping,  vesicantia,  setons,  Priessnitz 
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bandages,  and  shower-batlis  (a  single  stream  of  water  should  be 
used  very  cautiously). 

When  the  disease  has  developed  we  should,  above  all  things, 
endeavor  to  regulate  the  diet  in  such  a  manner  as  to  avoid  irri- 
tation of  the  nervous  system.  The  patients  should,  if  possible, 
give  up  their  work,  and  avoid  all  excitement,  and,  at  the  same 
time,  take  plenty  of  wholesome  nourishment,  limiting  themselves 
in  alcoholic  drinks,  and  tea  and  coffee.  Care  should  be  taken 
that  they  get  enough  sleep,  and  they  should  have  plenty  of  open 
air,  if  possible  at  the  seaside  or  in  the  mountains. 

We  may  combine  with  this  any  course  of  treatment  which 
tends  to  a  general  stimulation  of  nutrition,  and  produces  a  tonic 
effect  upon  the  nervous  system.  In  this  respect  I  place  most 
reliance  upon  a  cautious  hydropathic  treatment^  which  must, 
however,  be  continued  for  a  long  time  and  with  great  regularity. 
But  with  aged  patients  this  is  not  very  feasible.  I  think  it  ad- 
visable, too,  in  suitable  cases,  to  try  the  effect  of  warm  saline 
and  chalybeate  springs,  tliough  I  should  decidedly  warn  any- 
body against  hot  springs,  steam-baths,  or  mud-baths.  A  very 
cautious  trial  of  a  hot  spring  (especially  in  the  mountains) 
might  ]Dossibly  prove  of  service  to  old  and  decrepit  people. 

But  by  far  the  most  important  indication  is  electricity^  which 
promises  more  than  any  other  method  tried.  Unfortunately, 
however,  the  results  as  yet  obtained  are  similar  to  those  of  pro- 
gressive muscular  atrophy,  not  at  all  encouraging.  Benedikt's 
reported  cures  are  certainly  very  brilliant,  but  they  plainly  relate 
to  other  forms  of  disease.  The  only  two  of  his  cases  which  reallj^ 
belong  to  this  class  remained  unaffected  by  his  treatment.  How- 
ever, Benedikt' s  publication  contains  many  encouraging  thera- 
peutical remarks.  I  myself  effected  a  cure  with  galvanism  in 
one  case  which  had  all  the  symptoms  of  bulbar  paralysis,  but 
began  with  severe  pains  in  the  head  and  joints,  and,  besides, 
exhibited  symptoms  of  dizziness  and  buzzing  in  the  ears,  so  that 
I  was  not  certain  of  my  diagnosis. 

The  most  effective  method  of  galvanism  is  as  follows:  gal- 
vanize Avith  stabile  application  transversely  through  the  mastoid 
processes,  and  longitudinally  through  the  skull,  the  so-called 
galvanism  of  the  cervical  sympathetic  (anode  on  the  nuclius,  and 
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cathode  at  tlie  angle  of  the  lower  Jaw) ;  and  then  induce  move- 
ments of  deglutition  (twelve  to  twenty  at  each  sitting);  besides 
this,  apply,  according  to  circumstances,  direct  galvanic  or  faradic 
currents  to  the  tongue,  lips,  and  palate. 

I  seize  this  opportunity  of  correcting  an  error  •which  has  been  allowed  to  run 
througli  our  literature  for  several  years,  the  error  of  supposing  that  galvanic  produc- 
tion of  the  movements  of  deglutition  is  due  to  irritation  of  the  hypoglossus.  It  is  quite 
incorrect,  for  it  may  be  easily  demonsti'ated  that  the  current  which  suffices  to  pro- 
duce  these  movements  is  by  far  too  weak  to  irritate  the  hypoglossus ;  and  that  the 
movements,  too,  cannot  be  induced  by  a  single  contraction  of  the  tongue  (especially 
by  a  unilateral  contraction) ;  further,  that  it  is  more  easily  effected  at  other  points 
than  the  point  of  irritation  of  the  hypoglossus;  and  that,  finally,  actual  direct  irri- 
tation of  the  hypoglossus,  though  accompanied  by  visible  contraction  of  the  tongue, 
produces  no  movement  of  deglutition.  It  is  evidently  a  case  of  reflex  action,  arising 
from  the  sensible  nerves  of  the  pharynx  and  larynx ;  in  fact,  physiology  teaches  us 
that  irritation  of  the  laryngeus  superior  induces  reflex  deglutitory  movements.  If 
one  tries  the  experiment  on  himself,  there  is  immediately  a  sensation  produced  as  if 
one  had  a  bolus  or  draught  of  water  in  the  throat,  and  this  is  irresistibly  followed 
by  a  movement  of  deglutition. 

The  best  method  to  produce  it  is  to  place  the  anode  on  the  back  of  the  neck, 
and  then  run  the  cathode  rapidly  over  the  lateral  surface  of  the  larynx,  repeating 
this  after  short  pauses.  A  healthy  man  requires  only  six  or  eight  cells,  but  for  bul- 
bar paralysis  the  current  must  often  be  much  stronger,  and  the  reflex  irritability  is 
easily  exhausted.  To  meet  this,  we  must  reverse  the  current,  instead  of  using  catho- 
dal closure.  This  treatment  produces  some  improvement  in  deglutition  at  least  for 
a  short  time. 

The  electric  treatment  must  be  continued  for  a  very  consider- 
able time,  with  from  four  to  seven  sittings  a  week.  The  duration 
of  a  sitting  should  not  exceed  four  or  six  minutes.  The  patients 
are  frequently  irritable  and  sensitive  to  a  galvanic  current,  so 
that  great  caution  must  be  taken  in  selecting  the  number  of  cells. 

Medicines  taken  internally  have  never  produced  the  very 
faintest  eft'ect.  Still,  considering  their  success  in  other  chronic 
degenerations  of  the  central  nervous  system,  we  shall  always  be 
inclined  to  administer  nitrate  of  silver,  iodide  of  potassium, 
iodide  of  iron,  chloride  of  gold  and  sodium,  ergotine,  belladonna, 
and  preparations  of  iron  and  quinine,  etc.  We  wish  to  warn 
against  the  administration  of  strychnine  and  pliosphorus. 

As  the  derangement  of  deglutition  grows  worse,  the  inipor- 
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tance  of  the  patienVs  food  increases.  At  first  all  food  must  be 
finely  divided,  and  very  carefully  cooked  ;  it  must  be  soft,  juicy, 
and  concentrated  nutriment.  At  the  same  time  w^e  should  not 
forget  to  vary  it  suitably,  and  not  cause  distaste  from  monotony. 
Minced  meat,  beefsteaks  of  the  same,  hashes,  russoles,  etc.,  beef- 
tea,  milk  and  eggs,  cocoa,  soups  of  revelenta  arabica,  and  pre- 
pared leguminosa,  etc.,  form  a  basis  to  which  may  be  added  all 
kinds  of  soft  prepared  meats,  compotes,  and  vegetables.  Wine 
and  beer  should  only  be  taken  in  moderation. 

According  as  the  deglutitory  paralysis  grows  worse,  special 
attention  must  be  given  to  the  act  of  swallowing ;  help  must 
always  be  given,  and  none  but  easily  swallowed  victuals  be 
allowed.  Afterwards  all  particles  of  food  must  be  removed  from 
the  pharynx,  the  root  of  the  tongue  and  underneath  it,  and  the 
mouth  carefully  washed  out. 

When  deglutition  becomes  impossible,  we  must  feed  the  pa- 
tient through  a  flexible  tube  ;  but  with  many  patients  this  is  ren- 
dered impossible  by  violent  fits  of  vomiting  and  suffocation.  In 
this  case  nothing  is  left  but  the  administration  of  nutritive  ene- 
mata,  such  as  solution  of  pancreas,  milk  and  eggs,  bouillon, 
wine,  etc.    But  patients  seldom  endure  this  long. 

When  the  only  indication  is  to  overcome  increasing  exhaus- 
tion, gastrotomy  and  introduction  of  food  through  the  wound 
might  be  recommended  as  a  "  dernier  ressort."  We  might  hope, 
by  this  means,  to  prolong  the  patient's  life  for  a  short  time.  But 
if  there  are  threatening  signs  of  respiratory  paralysis,  the  oper- 
ation would  be  superfluous. 

Fauvel,  in  one  case,  proposed  and  performed  tracheotomy  to 
check  the  fits  of  suffocation  and  dyspncea.  If  tlie  patient  con- 
stantly wears  a  tube,  and  eventually  has  the  larynx  plugged  at 
every  meal  to  meet  these  choking  fits,  and  to  prevent  the  en- 
trance of  food-particles  into  the  trachea,  it  may  do  some  good. 

To  check  salivation,  Kayser  recommends  atropine  (subcutane- 
ous dose,  to  \  gr.  (0.0004-0.001) ;  internally,  ^-  to  ^\  gr.  (0.0008- 
0.0012).  We  cannot  abstain  from  the  use  of  narcotics,  mor- 
phine, chloral,  etc.,  when,  towards  the  termination  of  his  disease, 
the  patient  is  troubled  by  dyspnoea  and  sleeplessness. 

The  usual  analeptica  and  irritantia  may  be  administered  in 
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cases  of  genera]  weakness,  syncope,  etc.  To  close  the  tragic 
course  the  physician  might  well  think  of  euthanasia. 

6.  Oilier  Chronic  Diseases  of  the  Medulla. 

Samuelson,  KOnigsb.  med.  Jahrb.  I.  p.  93.  1859,  and  Berliner  klin.  Woch.  18G8. 
No.  27. — J.  Wagner,  Veher  Hirngeschwiilste.  Diss.  Berlin,  1871. —  Cornil  and 
Lepine,  Caa  de  paralys.  g6n6r.  spin.  ant6r.  subai'gue  suivi  d'autopsie.  Gaz.  md'd. 
de  Paris.  1875.  No.  11. — i/a^^ti^eaw,  Des  paralysies  bulbaires.  Paris.  1875. 

The  description  of  diseases  in  the  foregoing  paragraphs  by 
no  means  exhausts  the  pathology  of  the  medulla  oblongata. 
There  are  several  other  forms  of  disease,  some  occurring  as  part 
of  the  phenomena  of  more  extensive  diseases  of  the  central  ner- 
vous system,  and  some  which  occur  so  seldom  and  have  been 
recorded  so  badly  that  they  have  no  practical  value,  and  are, 
consequently,  hardly  worth  mention.  Probably  the  future  will 
throw  much  light  upon  this  province,  so  that  this  chapter  can 
only  be  regarded  as  a  temporary  refuge  for  those  diseases  of  the 
medulla  oblongata  to  which  no  place  has  been  yet  assigned  in 
our  nosograpliy. 

The  literature  of  this  subject  is  still  very  small.  We  give  the 
following  extracts : 

Sclerotic  centres,  which  are  usually  met  with  in  the  medulla 
oblongata  as  one  of  the  many  symptoms  of  multi/ple  cerebro- 
spinal sclerosis.  These  may  occur  typically  in  all  shapes  and 
sizes  ;  they  are  of tenest  found  on  the  Hoor  of  the  fourth  ventricle, 
pressing  more  or  less  deeply  into  the  white  substance,  and  affect- 
ing the  bulbar  nuclei  in  varying  degree  ;  but  they  have  also  oc- 
casionally been  observed  in  the  pyramids,  olivary  and  restiform 
bodies,  and  in  the  formatio  reticularis.  Sometimes,  too,  they 
may  be  met  with  in  the  bulbar  nerves. 

The  microscopic  appearance  of  these  centres  is  quite  the  same 
as  any  other,  so  we  may  refer  to  the  description  on  p.  481.  The 
destruction  of  the  nervous  substance  proper  (nerve-fibrils  and 
ganglion-cells)  does  not  appear  at  all  so  complete  or  of  the  same 
kind,  as  in  bulbar  paralysis,  for  instance. 

Tiie  symptoms  of  these  bulbar  centres  play  a  prominent  part 
in  multiple  sclerosis,,  and  there  seems  to  be  a  special  connection 
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between  the  symptoms  of  bulbar  paralysis  we  so  often  meet  in 
this  disease  and  these  centres  in  the  bulbus.  But  Jolly's  often- 
cited  case  proves  that  this  is  not  necessary,  and  that  the  symp- 
toms may  be  produced  by  anteriorly  situated  lesions. 

In  such  cases  we  often  come  across  a  strikingly  deceptive 
likeness  to  progressive  bulbar  paralysis ;  but  the  paralysis  is 
generally  not  complete — only  a  paresis  ;  atrophy  of  the  muscles 
is  rare,  and  in  general  the  whole  development  of  the  symptoms 
is  not  so  regular  as  in  the  typical  form  of  chronic  bulbar  paraly- 
sis. Besides,  the  diagnosis  is  readily  confirmed  by  the  presence 
of  numerous  other  symptoms  of  multiple  sclerosis. 

Possibly  other  individual  symptoms  in  multiple  sclerosis, 
such  as  scanning  speech,  monotonous  voice,  paralysis  of  the  fa- 
cialis, weakness  and  trembling  of  the  tongue,  salivation,  auditory 
derangements,  etc.,  might  be  referred  to  the  centres  in  the  me- 
dulla. We  have  already  discussed  the  question,  and  must  here 
again  leave  it  undecided  whether  this  suj^position  is  correct  or 
whether  the  symptoms  are  not  due  to  centres  situated  in  an 
anterior  portion  of  the  brain. 

It  is  somewhat  more  warrantable  to  connect  the  derangements 
of  deglutition,  attacks  of  dyspnoea,  sj^ncope,  cardiac  palpita- 
tions, and  paralysis,  etc.,  which  occur  in  the  last  stages  of  mul- 
tiple sclerosis,  with  the  development  of  sclerotic  centres  in  the 
medulla. 


Anatomical  changes  in  the  medulla  occur,  too,  usually  as  a 
part  of  dementia  'paralytica  (chronic  myelitis,  myelitis  with  cor- 
puscles of  Gluge,  gray  degeneration) ;  these  changes,  however, 
constitute  only  a  very  small  part  of  the  lesion,  which  extends 
over  the  whole  central  nervous  system  in  this  disease.  It  is  still 
questionable,  and  not  at  all  probable,  that  the  frequent  and  typi- 
cal derangements  of  speech  are  dependent  upon  the  participation 
of  the  medulla.    However,  it  is  not  a  matter  for  discussion  here. 


When  poliomyelitis  anterior  subacuta  assumes  an  ascending 
and  progressive  character,  the  process  in  the  spinal  cord  finally 
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attacks  tlie  bulbns,  and  seems  to  show  a  special  tendency  to  set- 
tle in  the  gray  nuclei  in  the  floor  of  the  fourth  ventricle.  But 
we  have  no  decisive  jiatliological  facts  on  this  point.  If  we  may 
draw  conclusions  from  Cornil  and  Lepine's  interesting  case,  in 
which  unfortunately  the  exact  microscopical  examination  of  the 
medulla  is  not  recorded,  we  have  a  case  of  chronic  intiamma- 
tional  changes  with  secondary  destruction  of  the  ganglion-cells. 

When  ^progressive  myelitis  universalis  finally  spreads  to 
the  medulla,  the  changes  are  probably  the  same,  viz.:  chronic 
myelitis  varying  in  extent,  but  probably  not  confined  to  the  gray 
substance,  but  embracing  the  white  as  well ;  still  this  is  an  unde- 
cided question. 

But  the  bulbar  changes,  which  take  place  in  the  terminal 
stages  of  amyotrophic  lateral  sclerosis  (and  also  in  the  course  of 
progressive  muscular  atrophy)  are,  as  we  have  alreadj^  insisted, 
exactly  the  same  as  in  progressive  bulbar  paralysis. 

In  all  these  cases  the  infection  of  the  bulbus  is  indicated  by 
the  occurrence  of  bulbar  paralytic  symptoms,  which  gradually 
increase  till  they  assume  the  typical  form  of  progressive  bulbar 
paralysis — derangement  of  speech  and  deglutition,  and  paresis 
of  the  lips  and  palate,  increase  or  decrease  of  saliva,  derange- 
ment of  respiration,  attacks  of  suffocation,  and  all  the  rest.  The 
appearance  of  the  sjnnptoms  alwaj^s  betokens  the  last  stage  of 
the  disease  ;  the  prognosis  is  generally  very  serious,  and  the  dis- 
ease can  seldom  be  checked  in  its  course. 


Among  the  diseases  that  are  well  confined  to  the  medulla  a 
diffuse  sclerosis — chronic  myelitis  bulbi — has  occasionally  been 
observed,  sometimes  with  and  sometimes  without  simultaneous 
sclerosis  of  the  brain  or  spinal  cord.    But  details  are  wanting. 

It  is  hard  to  say,  from  J.  Wagner's  description,  Avhether  his 
remarkable  case  (tumor-like  hypertrophy  and  toughness  of  the 
pons  and  the  whole  medulla,  more  especially  on  the  right  side) 
was  a  real  tumor  or  hypertrophic  sclerosis.  It  was  more  prob- 
ably a  genuine  neoplasin. 
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Samuelson  observed  one  case  of  circumscrlijt  hulhar  sclerosis, 
consisting  of  an  indurated  spot  in  tlie  left  half  of  the  pyramidal 
substance  about  the  size  of  a  bean.  Microscopic  examination 
j^roved  it  to  be  sclerosis  (fine  fibrils  of  connective  tissue  with 
numerous  nuclei  and  separated  nerve-fibrils). 

In  this  case,  after  repeated  sensory  and  motor  derangements 
had  occurred,  sometimes  in  the  right  and  sometimes  in  the  left 
extremities,  he  observed  a  sudden  right-sided  hemiplegia  with 
apoplectiform  symptoms,  and  accompanied  by  troubles  of  deglu- 
tition and  respiration,  and  slight  derangement  of  speech.  The 
tongue  was  straight,  and  all  the  anterior  cerebral  nerves  unaf- 
fected ;  retention  of  urine ;  feeling  of  a  hoop  around  the  head 
from  the  occiput  to  the  forehead ;  sensibility  normal ;  refiex 
action  increased.  Variations  in  the  course  of  the  disease  are 
recorded,  but  no  details  given. 

7.  Tumors  of  the  Medulla  Oblongata. — Neoplasmata  in  its  Sub- 
stance. 

Ahercromiie,  Diseases  of  the  Brain.  1845.  p.  103. —  Ollivier,  loc.  cit.  3.  6dit.  II. 
p.  514.  1837. — Levrat-Perrolon,  Gas  de  glycosurie  determinGe  par  une  tumcur 
coUoide  renferm6c  dans  le  4mc.  ventric.  Tli&se.  Paris,  1859.  Canst.  Jaliresber. 
1859.  IV.  p.  254. — V.  RecMinghausen,  Schiidelverletzuug,  Diabetes,  Tumor  iiu 
4.  Ventrilcel.  Vircli.  Arch.  Bd.  30.  p.  364.  \m4..—Mosler,  Virchmo,  Ncubil- 
dung  im  4.  Ventr.  mit.  Diab.  insip.  Virch.  Arch.  Bd.  43.  p.  225.  1868.— F??-- 
chow.  Die  Krankhaften  Geschwiilste.  I.  i)p.  183,  387,  424 ;  II.  pp.  112,  134, 
664,  etc.  1863-65. — Ladame,  Symptomatol.  u.  Diagnostik  d.  Hirngcschwiilste. 
p.  43.  1865. — Immermann,  Berl.  klin.  Wochcnschr.  1865.  p.  177. — Joh.  Erich- 
sen,  Zur  Casuistik  der  Tumoreu  des  Verliing.  Marks.  Pctersb.  med.  Zeitschr. 
1870.  I.  p.  105.  —Edioards,  Tumour  in  the  MeduU.  Oblong.  Brit.  Med.  Journal. 
1870.  Fub.  5.— J".  Wagner,  Ueber  Hirngeschwlilste.  Diss.  Berl.  1871.— jBowr- 
don.  Etudes  sur  les  malad.  du  bulbe  rhach.  Gaz.  hebdoni.  1872.  No.  22.  p.  354. 
— Garrod  and  Philpot,  Papillomatous  Tumour  in  the  Fourth  Vcntr.  of  Brain. 
Lancet.  1873.  Mar.  1. —  Fm-o??,,  Etude  sur  les  tumeurs  du  4.  ventr.  Th&se.  Paris, 
1874. — nalloj)eau,  Des  paralysies  bulbaires.  Paris,  1875. —  Ca77;a7u,  Storia  clin. 
d'un  caso  di  tumore  d'un  pedunculo  cerebellare.  Lo  Sperimcut.  Ottobre.  1876 
(Virch. -Hirsch.  Jahresber.  for  1876.  II.  p.  111). 

Pathological  Anatomy— Cases. 

Neoplasraata  in  the  medulla  oblongata  are  of  very  rare  occur- 
rence.   Ladame  only  collected  nine  cases  altogethtn-,  and  most 
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of  these  were  not  actually  in  the  substance  of  the  medulla,  but 
onl}^  in  its  vicinity,  in  the  cerebellum,  etc.,  and  only  secondarily 
connected  with  the  medulla. 

As  a  matter  of  fact,  it  is  extremely  hard  to  distinguish  between 
tumors  in  the  medulla  itself,  and  those  in  the  surroundings, 
which  press  upon  and  irritate  it.  Clinicallj^  it  is  in  most  cases 
impossible,  as  experience  teaches  us  that  tumors,  for  instance, 
which  grow  in  the  cavity  of  the  fourth  ventricle,  and  develop 
in  the  direction  of  the  floor,  produce  exactly  the  same  symptoms 
as  those  which  grow  in  the  floor  itself,  for  instance,  tumors  of 
the  ependyma.  And  as  far  as  the  symptoms  are  concerned,  it 
would  seem  a  priori  that  there  can  be  no  considerable  difference 
whether  a  neoplasm  arises  in  the  gray  or  white  matter  of  the 
medulla  and  destroys  it  from  within  outward,  or  whether  a 
similar  one  penetrates  from  without,  dislocating  and  compressing 
it,  and  thus  causing  myelitis. 

Thus,  the  anatomical  and  clinical  appearances  of  the  two  are 
intimately  connected,  and  we  can  in  great  part  refer  to  what  has. 
been  already  said  of  chronic  compression  through  neoplasmata.. 
It  is  utterly  impossible  to  draw  a  sharp  distinction,  since  most 
of  the  recorded  cases  are  imperfect,  in  as  far  as  the  tumor  has 
seldom  been  limited  to  the  medulla,  but  has  generally  involved 
the  surrounding  corpp.  quadr.,  pons,  and  cerebellum  to  some 
extent. 

So  we  shall  merely  mention  what  tumors  occur  in  the  medulla, 
and  then  give  a  few  short  examples,  and  from  these  deduce  the 
symptoms.  For  the  future  the  cases  ought  to  be  more  accurately 
observed  and  recorded. 

Perhaps  the  most  frequent  form  in  the  medulla  is  tuhercle ; 
they  may  be  of  any  size  up  to  the  dimensions  of  a  walnut,  especi- 
ally in  the  pons  portion  ;  there  is  usually  but  one,  but  there  may 
be  several  small  ones.  The  surrounding  tissue  is  sometimes  quite 
intact,  sometimes  more  or  less  afi:ected  (Ollivier,  Erichsen,  Aber- 
crombie). 

Oliomata  and  glio-sarcomata  have  been  repeatedly  found 
(Virchow),  either  developed  from  the  ependyma  or  in  the  centre 
of  the  medulla  ;  their  size  and  position  vary. 

Myxomata  appear  never  to  be  seen  except  on  the  choroid 
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plexus  of  the  fourtli  ventricle,  and  the  same  may  be  said  of 
23sammomata,  which  often  occur  there  also,  both  large  and  small. 

Fibromata  have  been  discovered  in  many  cases  (Liouville, 
Virchow,  Carpani),  occurring  in  sizes  up  to  a  bean,  and  growing 
either  in  the  ependyma  or  in  the  medullary  substance. 

The  secondary  changes,  which  tlie  medulla  undergoes  in  such 
cases,  have  not  been  much  investigated  ;  in  fact,  we  have  but 
very  scanty  records  of  the  naked-eye  appearances.  But  we  can 
predicate,  almost  with  certainty,  that  softening  processes  often 
occur,  and  sometimes  extend  far  beyond  the  limits  of  the  tumor 
itself,  and  that  further  the  lesion  is  often  complicated  by  apo- 
plexy and  thrombosis. 

But  in  general  the  tumor  involves  the  neighboring  parts  of 
the  brain,  and  seldom  remains  confined  to  the  medulla ;  thus  the 
pons  is  usually,  the  cerebellum  frequently,  and  the  corpora  quad- 
rigemina  occasionally  drawn  into  the  process.  This  of  course 
has  a  great  effect  upon  the  symptoms. 

Intense  hydrocephalus  must  be  considered  one  of  the  most 
frequent  secondary  changes  caused  by  tumors  in  the  medulla, 
and  more  particularly  in  the  fourth  ventricle.  It  is  produced, 
on  the  one  hand,  by  compression  of  the  veins,  especially  of  the 
vena  magna  Galeni,  on  the  other  hand,  through  the  hinderance 
to  the  return  of  the  cerebro- spinal  fluid  into  the  arachnoid 
space,  caused  by  the  tumor  filling  up  the  fourtli  ventricle  and 
rendering  it  impassable. 

We  give  a  few  extracts  of  cases. 

OUwier,  Case  146 :  Two  Uiberclea  in  substance  of  medulla ;  epilepsy  for  twelve 
years  ;  an  aura  of  violent  singultus  before  every  attack,  and  feeling  of  globus  in  the 
throat. 

Eriehsen  :  Tubercle  the  size  of  an  almond,  covering  right  half  of  bulbus  along 
whole  length  of  fourth  ventricle,  and  extending  somewhat  to  the  left;  right  corp. 
restiforme  quite  destroyed;  headache,  dizziness,  slight  dilation  of  pupils,  nau- 
sea ;  vomiting  and  singultus,  aphonia,  anmsthesia  of  the  right  side  of  the  face  ;  pai-esis 
of  the  right  side  of  palate;  tongue  unaffected;  finally,  paralysis  of  the  bladder. 

Edwards  :  Fibro- cellular  tumor  in  the  centre  of  the  medulla  ;  convergent  stra- 
bismus (paralysis  of  abducens) ;  weakness  in  legs  ;  difficulty  in  swallotning  ;  incom- 
prehensible speech  ;  later,  vomiting  ;  hiccuping  ;  complete  alalia ;  dysphagia;  abdo- 
minal respiration  ;  paralysis  of  sphincters  and  extremities. 

Virchow  (GeschwUlste.  II.  p.  134)  :  Fibrous  hyperplasia  of  the  ependyma  of 
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fourth  vcntnolc,  three  to  four  lines  thick,  resembling  a  tumor.  Wound  on  head ; 
after  nine  years,  mental  depression,  loss  of  memory,  dizziness,  headache,  diplopia ; 
frequent  urination  (polyuria  ?)  ;  later  on,  constant  vomiting  and  languor ;  move- 
ments of  the  eyes  (?),  pupils,  and  tongue  normal;  sensibility  unaffected;  pulse  50  ; 
finally,  derangement  of  speech,  stupidity,  etc. 

Liouville  (quoted  in  Verron's  work,  p.  57) :  Small  fibroma  in  ependyma  in  left 
side  of  calamus  scriptorius,  one  centimetre  long  and  a  half  centimetre  broad.  Tlie 
patient,  who  auffered  from  heart  and  kidney  disease,  had  glycosuria  during  life. 

Carpani  :  Elliptical  fibroma  in  the  pedunctdus  cerehelli,  near  the  pons,  size  of  a 
bean;  violent  pain  on  right  side  of  head  ;  impairment  of  vision  and  hearing  on  the 
right  side  ;  vomiting ;  atactic  gait ;  weakness  of  extremities  on  right  side ;  right- 
aided  paralysis  of  abducens  and  facialis. 

J.  Wagner  :  Tumor  occupying  the  right  half  of  pons  and  medidla,  covered  with 
small  prominences ;  this  half  hypertrophied  to  twice  or  four  times  normal  size  (very 
inaccurately  described).  Violent  headache  and  dizziness ;  paraly.<<is  of  the  riglit 
facialis,  abducens,  and  hypoglossus ;  nasal  voice ;  paresis  of  all  four  extremities ; 
pain  in  back  of  neck;  hearing  impaired  on  right  ride;  finally,  derangement  of 
speech  and  asphyxia. 

Homolle  (quoted  in  Verron's  work,  p.  54) :  Glioma  on  the  floor  of  fourth  ventricle, 
probably  commencing  in  ependyma ;  very  vascular ;  processes  extending  into  the 
corpora  quadr.,  optic  thai.,  and  left  hemis^Dh.  of  cerebell.  Vomiting  ;  lieadache  ; 
transitory  loss  of  consciousness;  amaurosis ;  stagnation  papilla  ;  paresis  of  left  faci- 
alis ;  attacks  of  vertigo  ;  somnolence;  sudden  death. 

Hosier-  Virchow  :  Large-celled  gliosarcoma  of  ependyma,  pedunculated  ;  five 
centimetres  long,  occupying  the  whole  ventricle;  one  to  two  centimetres  in  diam- 
eter, causing  the  cerebellum  and  medulla  to  swell  out.  Vertigo  ;  vomiting  ;  racking 
headache,  with  considerable  remissions  of  some  duration ;  finally,  sudden  death 
with  symptoms  of  suffocation.    Diabetes  insipidus  in  last  few  years. 

Etiology. 

As  far  as  we  have  any  knowledge  of  tliem,  the  causes  of  tu- 
mors in  the  medulla  are  exactly  the  same  as  of  any  others  in 
the  skull,  viz.  :  traumatic  influences,  syphilis,  tuberculosis,  etc. 
So  we  merely  refer  to  Obernier's  article  in  Volume  XII. 

Symptoms. 

Frequently  tumors  of  the  medulla  cause  no  functional  de- 
rangement, and  are  only  discovered  post-mortem  ;  or  fcliey  may 
remain  for  a  long  time  latent,  and  then  suddenly  in  a  few  hours 
or  days  cause  sudden  death  with  symptoms  of  suffocation. 
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But,  generally  speaking,  the  final  catastrophe  is  preceded  by 
suffering  of  some  duration.  We  need  only  give  a  short  sketch 
of  the  general  symptoms,  which  display  numerous  points  of  simi- 
larity to  other  cerebral  tumors. 

Among  initial  symptoms  the  most  prominent  are  lieadacJie, 
occurring  generally  in  separate  attacks,  reaching  in  some  cases  a 
frightful  intensity,  and  localized  in  various  parts  of  the  head,  but 
generally  in  the  occiput  and  nuchus  ;  and  secondly,  attacks  of 
dizziness,  and  frequent,  exhausting  vomiting.  Tinnitus  aurium, 
singultus,  ep  ileptic  fits,  are  of  rarer  occurrence  at  an  early  stage. 
The  latter  form  a  very  imj^ortant  symptom  ;  they  occur  either 
as  tj^pical  fits  or  else  as  mere  epileptic  vertigo  or  petit  mal. 

While  these  symptoms  remain,  and  often  grow  worse,  a  num- 
ber of  others  make  their  ap23earance,  which  are  calculated  to  turn 
our  attention  to  the  bulbus  as  the  seat  of  the  lesion.  These  con- 
sist of  "paralytic  symptoms  in  the  facialis,  liypoglossus,  and 
ahducens  ;  and  we  ^qg  derangements  of  speecli  and  deglutition, 
witli  paresis  of  the  palate  and  a  nasal  tone  of  voice,  frequently, 
too,  hoarseness  and  aphonia.  Besides  these  symptoms,  there 
may  be  more  or  less  extensive  paralysis  of  the  extremities, 
either  unilateral  or  bilateral  paresis,  with  or  without  contrac- 
tures. It  is  very  characteristic  when  we  see  a  hemiplegia  alter- 
nating with  paralysis  of  the  facialis,  abducens,  or  liypoglossus. 

We  frequently  meet  with  derangement  of  co-ordination,  re- 
minding us  of  ataxia,  but  usually  partaking  more  of  the  char- 
acter of  the  uncertain  gait  belonging  to  cerebellar  diseases — this 
is  especially  the  case  with  tumors  of  the  fourth  ventricle. 

Derangements  of  sensibility  are  less  marked.  They  gener- 
ally consist  of  pain  in  the  nuchus,  back,  and  extremities,  par- 
sesthesia  in  two  similar  regions,  occasionally  anaesthesia  in  the 
trunk  or  extremities.  On  the  other  hand,  ancBsthesia  of  one 
or  both  sides  of  the  face  is  a  very  important  symptom.  Reflex 
action  is  often  increased. 

Special  local  importance  attaches  to  tinnitus  and  deafness, 
Avhilst  amblyopia  and  amaurosis  (founded  on  the  stagnation 
papilla  recognized  with  the  ophthalmoscope)  are  almost  constant 
accompaniments  of  every  kind  of  tumor  within  the  cerebral 
cavity. 
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Occasionally  psycJiical  derangements  have  been  observed, 
such  as  loss  of  intelligence  and  memory,  depression,  etc.,  but 
this  is  rather  rare. 

Special  importance  attaches  to  a  constant  and  lasting  Domit- 
ing,  violent  and  lasting  singultus,  and  frequently  occurring  epi- 
leptoid  cofimdsiojis,  and  attacks  of  transitory  unconsciousness. 
Glycosuria  and  polyuria,  v^^hicli  have  been  often  observed  (espe- 
ciall}^  in  cases  of  tumor  of  the  fourth  ventricle),  and  probably 
will  be  still  oftener  seen  when  looked  for,  deserve  particular 
notice. 

The  course  of  the  disease  is  probably  fatal  in  every  case.  Still 
considerable  variations,  and  remissions  and  cessations  of  growth 
for  long  periods  may  occur,  and  thus  the  disease  may  extend 
over  a  number  of  years.  Usually,  however,  the  course  is  an  unin- 
terrupted one.  The  headaches  and  paralytic  symptoms  grow 
worse,  vomiting  becomes  incessant,  liiccuping  is  a  source  of  per- 
petual annoyance,  the  epileptic  attacks  occur  more  frequently, 
consciousness  grows  clouded,  and  then  come  deliria,  and  after- 
wards coma,  and  usually  life  terminates  with  increased  respira- 
tory derangement  in  an  attack  of  suffocation.  Death  is  generally 
rather  sudden. 

Very  little  certainty  as  regards  tJie  symptoms  of  special  local- 
ization in  the  medulla  can  be  derived  from  the  few  cases  on 
record.  In  general,  we  must  content  ourselves  with  making  a 
probable  diagnosis  of  a  tumor  in  the  medulla  from  the  general 
symjDtoms  of  a  tumor  in  the  brain,  and  the  special  symptoms  of 
bulbar  paralysis.  We  can  seldom  estimate  its  size,  or  attempt 
to  localize  it  more  accurately.  Still  this  must  always  be  the  aim 
of  our  diagnostic  endeavors,  and  we  possess  even  at  present  a  few 
"points  de  depart." 

The  most  reliable  points  are,  that  tumors  in  the  anterior  por- 
tion of  the  medidla^  especially  in  the  pyramids,  produce  uni-  or 
bilateral  paralysis,  with  contractures  and  increased  tendon-reflex, 
sometimes  also  paralysis  of  the  bladder,  while  sensibility  remains 
unimpaired  ;  and  then,  besides,  we  may  have  the  different  symp- 
toms of  bulbar  paralysis. 

Tumors  on  the  fl,oor  of  the  fourth  Dentricle,  on  the  other  hand, 
produce  no  marked  paralysis,  and  usually  no  considerable  de- 
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rangement  of  sensibility ;  but  ataxia  may  occur,  and  the  most 
characteristic  symptoms  are  vomiting  and  singultus,  with  res- 
piratory disorders  and  a  slow  pulse,  while  sjjecial  importance 
attaches  to  glycosuria  and  polyuria. 

It  is  hardly  possible  to  diagnose  a  tumor  of  the  corpora  resti- 
formia.  We  must  await  further  observation  before  we  can  found 
a  diagnosis  on  sensory  derangements  in  the  extremities,  unilateral 
anaesthesia  of  the  face,  auditory  troubles,  ataxia,  etc. 

There  are  no  diagnostic  points  whatsoever  for  tumors  in  tlie 
olivary  bodies  and  reticular  formation,  except  the  general  symp- 
toms of  a  cerebral  tumor  and  the  special  ones  of  bulbar  paralyses. 

Diagnosis. 

When  the  general  symptoms  of  a  tumor  in  the  brain  (violent 
headache,  dizziness,  vomiting,  stagnation  papilla,  loss  of  intelli- 
gence, etc.)  are  accompanied  by  signs  of  local  irritation  and 
paralysis,  pointing  more  or  less  definitely  to  a  lesion  in  the 
medulla,  and  when,  in  addition,  we  have  quite  obstinate  vomit- 
ing, continuous  singultus,  and  glycosuria  or  polyuria,  we  are 
then  enabled  to  diagnose  a  neoplasm  growing  in  the  medulla 
with  some  certainty.  But  to  insure  against  rashness,  we  should 
hold  in  mind  the  great  difiiculty  and  uncertainty  of  all  such 
diagnoses. 

As  regards  the  distinction  of  these  tumors  from  those  situated 
in  other  parts  of  the  brain,  we  refer  the  reader  to  Oberniers 
exhaustive  treatise.  We  shall  merelj^  call  attention  to  the  special 
difficulties  of  distinction  from  cerebellar  tumors,  because,  on  the 
one  hand,  tumors  of  the  medulla  often  grow  into  the  cerebel- 
lum, and  on  the  other  hand,  many  cerebellar  tumors  produce  an 
irritative  and  compressive  effect  upon  the  medulla.  In  such 
cases  it  is  simply  impossible  to  draw  a  distinction,  or  we  must 
acknowledge  both  parts  as  affected. 

It  is  very  easy,  as  a  rule,  to  distinguish  between  a  tumor  and 
other  bulbar  disease,  especially  progressive  bulbar  paralj^sis,  as 
the  latter  exhibits  more  definite  and  typical  symptoms  than  are 
ever  produced  by  a  tumor.  AVhile  the  regular  s^nnptoms  of  a 
.tumor,  such  as  violent  headache,  dizziness,  vomiting,  singultus, 
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troubles  of  hearing,  glycosuria,  amblyopia,  and  stagnation 
papilla,  epileptic  convulsions,  etc.,  seldom  or  never  occur  in  pro- 
gressive bulbar  pai-alysis. 

It  is  a  far  more  difficult  task,  or  perliaps  an  impossibility,  to 
distinguish  between  tumors  in  the  substance  of  the  medulla  and 
those  that  compress  it  chronically  from  without.  When  unaided 
by  etiological  circumstances,  we  must  have  recourse  alone  to 
symptoms  of  disease  in  the  nerve-roots  (signs  of  irritation  and 
paralysis  in  the  trigeminus,  facialis,  hypoglossus,  vagus,  etc.)  in 
order  to  form  a  probable  diagnosis,  that  the  tumor  is  compres- 
sing the  medulla  from  without,  and  is  not  growing  in  its  sub- 
stance. 

Prognosis. 

Like  all  other  cerebral  tumors,  those  of  the  medulla,  with  few 
exceptions  (gummata,  etc.)  are  quite  hopeless,  and  are,  in  fact, 
worse  than  the  others  in  so  far  as  an  extremely  small-sized  tumor 
suffices  to  produce  the  most  grave  consequences  in  this  vital 
organ. 

Though  the  growth  may  cease  for  some  time,  and  striking 
remissions  are  recorded,  still,  when  once  the  diagnosis  is  certain, 
we  should  give  a  very  guarded  prognosis.  The  few,  though  un- 
doubted cases  in  which  the  fully  developed  symptoms  of  a  cere- 
bral tumor  are  recorded  to  have  completely  disappeared,  cannot 
be  allowed  much  weight. 

Treatment. 

Treatment  is  in  this  case  just  as  hopeless  as  in  all  other  cases 
of  cerebral  tumor,  unless  it  be  a  syphilitic  gumma.  To  avoid 
repetition,  we  again  refer  the  reader  to  Obernier's  article.  The 
physician  must,  as  a  rule,  confine  himself  to  a  symptomatic 
treatment  after  he  has  exhausted  all  the  usual  agerts  supposed 
to  act  upon  neoplasmata. 

END  OF  VOLUME  XIII. 


,iL/AL  ow 


INDEX. 


Abbille,  384. 

Abercrombie,  3S5,  900,  951. 

Absinthe,  poisoning  by,  in  etiology  of  spinal  paralysis, 

S18. 
Acker,  188. 

Acute  Ascending  Paralysis,  732. 
Acute  Atrophic  Spinal  Paralysis,  663. 
Acute  Bulbar  Paralysis,  900. 

Acute  Inflammation  of  the  Gray  Anterior  Columns, 
66.3. 

Acute  Inflammation  of  the  Medulla  Oblongata,  900. 
Acute  Spinal  Paralysis  of  Adults,  663. 
Adler,  19. 

Age  in  etiology  of  diseases  of  the  spinal  cord,  150 ;  of 
acute  spinal  meningitis,  229 ;  of  multiple  sclerosis, 
475  ;  of  myelitis,  388,  427 ;  of  myelomalacia,  469 ; 
of  paralysis  ascendens  acuta,  735 ;  of  poliomyeli- 
tis anterior  acuta,  667 ;  of  progressive  bulbar  pa- 
ralysis, 'M'.t ;  of  spasmodic  spinal  paralysis,  623  ;  of 
spinal  apoplexy,  292 ;  of  spinal  irritation,  360  ;  of 
spinal  nervous  weakness,  371 ;  of  tabes  dorsalis, 
524. 

Alcoholism  in  etiolney  of  chronic  spinal  meningitis, 
2.^!;  of  inflamniniinn  of  the  spinal  dura  mater, 
222 ;  of  myelitix.  m) ;  of  spinal  irritation,  360 ; 
of  spinal  parnlysis,  bl8. 

AUbutt,  Clifford,  R7. 

Ammonia  in  concussion  of  the  spinal  cord,  356 ;  In 

paralysis  ascendens  acuta,  747. 
Amyelia,  780. 

Amy],  nitrite  of.  In  anoomla  of  the  spinal  cord,  290. 
Aniemla  of  the  Medulla  Oblongata,  876. 
Anremia  of  the  Spinal  Cord,  281. 
Anatomy  of  the  Medulla  Oblongata,  825. 
Anatomy  of  the  Spinal  Cord,  7. 
Andral,  278. 

Aneurism  In  etiology  of  Injuries  of  the  medulla  ob- 
longata, 890. 
Apoplectiform  attacks  in  multiple  sclerosis,  501. 
Apoplexia  Medullas  Oblongata;,  865. 
ArctiGUs,  885. 

Arsenio  in  diseases  of  the  spinal  cord,  191  ;  In  inter- 
mittent spinal  paralysis,  817;  In  myelitis,  40'1 ;  in 
tabes  dorsalis,  615 ;  In  tumors  of  the  spinal  mem- 


branes, 276;  poisoning  by.  In  etiology  of  spinal 
paralysis,  818. 

Arteries,  affections  of,  in  etiology  of  ansEmia  of  the 
spinal  cord,  282  ;  of  myelomalacia,  468  ;  of  spinal 
apople.xy,  293. 

Ataxia  in  diseases  of  the  spinal  cord,  83 ;  in  tabes  dor- 
salis, 54.3,  559. 

Ataxic  Locomotrice  Progressive,  513. 

Atelomyelia,  780. 

Atrophic,  Acute,  Spinal  Paralysis,  663. 
Atrophic,  Chronic,  Spinal  Paralysis,  712. 
Atrophy,  Primary,  of  the  Motor  Nuclei,  905. 
Auerbach,  119. 
Axenfeld,  87. 

Bablow,  7.?5. 

Baden-Baden,  baths  of,  in  diseases  of  the  spinal  cord, 
107. 

Badenweiler,  baths  of,  in  diseases  of  the  spinal  cord, 

167. 
Badham,  665. 
Baelz,  8il0. 

Baerwinkel,  474,  512,  907. 
Baierlacher,  264. 
Ball,  120. 

Bamberger,  101,  801,  602.  806,  807,  808. 
Barium,  chloride  of,  in  multiple  sclerosis,  512 ;  in  ta- 
bes dorsalis,  615. 
Bartcls,  266. 
Barth,  0.,  119,  288. 
Barthcz,  665. 

Baths  in  diseases  of  the  spinal  cord,  161 ;  In  acute  spi- 
nal meningitis,  250  ;  in  chronic  spinal  meningitis, 
261 ;  in  concussion  of  spinal  cord,  .'i67;  In  inflam- 
mation of  tho  spinal  dura  mater,  225  ;  in  menin- 
geal hemorrhage,  216  ;  in  multiple  sclerosis,  512 ; 
In  myelitis,  422,  425,  459;  in  paralysis  ascendens 
acuta,  746:  in  poliomyelitis  anterior  acuta,  708; 
In  poliomyelitis  anterior  chronica,  731 ;  in  progres- 
sive bulbar  paralysis,  9 14  ;  in  slow  compression  of 
tho  cord,  343  ;  in  spasinodio  spinal  |)aralysis,  645 ; 
in  spinal  apoplexy,  305  ;  in  spinal  nervous  weak- 
ness, 381  :  in  tabes  dorsalis,  610  ;  in  tumors  of  the 
spinal  membranes,  276. 


960 


INDEX. 


Baumfrarten,  390,  397,  733,  736,  745. 
Bayer,  O.,  7c5. 
Bazire,  C51. 
Beard,  184,  SC5,  S69. 

Bed-sores  in  chroiiio  spinal  meningitis,  257  ;  in  hemi- 
plegia et  heraiparaplegia  spinalis,  658  ;  in  inflam- 
mation of  tlie  spinal  dura  mater,  234  ;  in  multiple 
sclerosis,  483,  487 ;  In  myelitis,  403,  433,  440  ;  in 
myelomalacia,  471 ;  in  slow  compression  of  the 
cord,  330  ;  in  spinal  apoplexy,  29i) ;  in  tabes  dor- 
salis,  586 ;  in  tumors  of  the  spinal  membranes, 
272 ;  in  wounds  of  the  spinal  cord,  312 ,  in  etiol- 
ogy of  pachymeningitis  spinalis  externa,  217 ; 
treatment  of,  in  diseases  of  the  spinal  cord,  195. 

Behra,  733. 

Belirend,  793. 

BeU,  2B9. 

Bell,  Charles,  647,  812. 

Belladonna  in  diseases  of  the  spinal  cord,  190 ;  in 
acute  spinal  meningitis,  250 ;  in  hyperoemia  of  tho 
spinal  meninges,  208 ;  in  myelitis,  423.  463 ;  in 
poliomyelitis  anterior  acuta,  707 ;  in  progressive 
bulbar  paralysis,  945 ;  in  tabe.s  doraalie,  615 ;  in 
wounds  ot  the  spinal  cord,  318. 

Benedict,  519,  567,  611,  812. 

Benedikt,  94,  912,  913,  930,  935,  943,  944. 

Boneke.  175. 

Benjamin,  265. 

Berger,  O.,  50,  119,  .370,  623,  625,  630.  639,  641. 
Berlin,  474,  489,  512. 
Bernard,  Claude,  862. 

Bernhardt,  650,  666,  713,  715,  719,  721,  733,  736,  739. 

Bervliet,  284. 

Botous,  62.),  625. 

von  Bezold,  42,  59. 

Bierbaum,  2-30,  605. 

Billroth,  128. 

Bladder,  affections  of,  in  diseases  of  the  spinal  cord, 
123, 131 ;  in  acute  bulbar  myelitis,  903  ;  in  chronic 
spinal  meningitis,  257 ;  in  concussion  of  the  spi- 
nal cord,  349 ;  in  inflammation  of  the  spinal  dura 
mater.  224  ;  in  hemiplegia  et  hemiparaplegia  spi- 
nalis, 653;  in  meningeal  hemorrhage,  213;  in 
multiple  sclerosis,  483,  486,  503  ;  in  myelitis,  403, 
400,  433,  439 ;  in  myelomalacia,  471 ;  in  paralysis 
ascendens  acuta,  740 ;  in  poliomyelitis  anterior 
acuta,  882,  699,  700 ;  in  ^low  compression  of  tho 
cord,  329,  334 ;  in  spinal  apoplexy.  2i>7  ;  in  spinal 
nervous  -wcaloiess,  374 ;  in  tabes  dorsalis,  5 10, 
543,  584 ;  in  tumors  of  tho  moduUa  oblongata, 
955;  in  tumors  of  the  spinal  membninos,  272; 
in  wounds  of  tho  spinal  cord,  811,  312;  in  etiology 
of  diseases  ot  tho  spinal  cord,  154 ;  innervation 
for  evacuation  of,  54. 
Blisters  in  acute  spinal  meningitis,  249  ;  in  chronic 
spinal  meningitis,  261 ;  in  concussion  of  tho  spi- 


nal cord,  356 ;  in  myelitis,  424,  459 ;  in  paralysis 
ascendens  acuta,  746 ;  in  progressive  bulbar  pa- 
ralysis, 943 ;  in  slow  compression  of  the  spinal 
cord,  343  ;  in  spinal  irritation,  368. 
Blood,  affections  of,  in  etiology  of  anajmia  of  the  spi- 
nal cord,  284. 

Blood-letting  in  diseases  of  the  spinal  cord,  185 ;  in 
acute  spinal  meningitis,  249 ;  in  chronic  spinal 
meningitis,  260 ;  in  concussion  of  tho  si)inal  cord, 
350 ;  in  hemorrhage  in  tho  medulla  oblongata,  876 ; 
in  hyporajmia  of  the  spinal  meninges,  207;  in 
meningeal  hemorrhage,  216 ;  in  myelitis,  423 ;  in 
paralysis  ascendens  acuta,  746;  in  poliomyelitis 
anterior  acuta,  707;  in  poliomyelitis  anterior 
chronica,  731 ;  in  progressive  bulbar  paralysis, 
943  ;  in  spinal  apople.xy,  304  ;  in  spinal  irritation, 
368 ;  in  wounds  of  the  spinal  cord,  318. 

Blood-vessels,  changes  in,  in  multiple  sclerosis,  482 ; 
in  myelitis,  398,  434  ;  in  etiology  of  hyperajmia  of 
the  medulla  oblongata,  866;  of  injuries  of  the 
medulla  oblongata,  890. 

Blum,  588. 

Boening,  519. 

Boll,  19,  21,  22,  25,  26,  30. 

Bones,  affections  of,  in  diseases  of  the  spinal  cord,  125 ; 
in  multiple  sclerosis,  48;!  ;  in  poliomyelitis  anterior 
acuta,  680,  693  ;  in  tabes  dorsalis,  588 ;  in  etiology 
of  injuries  of  the  medulla  oblongata,  889. 

Bonetus,  617. 

Bounefoy,  907. 

Bouchiiril,  26.5,  538,  589,  625,  758,  761,  T65,  766,  773, 

774,  776,  778,  804. 
Bouchereau,  222. 
Bouchut,  284. 
Bouillaud,  518. 
Bourdon,  519,  569,  891,  894. 
Bourneville,  298,  473,  477. 

Brain,  affections  of,  in  diseases  of  the  spinal  cord, 
144 ;  in  multiple  sclerosis,  479 ;  in  myelitis,  447  ; 
in  poliomyelitis  anterior  acuta,  680 ;  in  etiology  of 
secondary  degeneration  of  the  spinal  cord,  760. 

Braun,  252,  261. 

Breschet,  301. 

Brodie,  128,  130,  814. 

Brown,  358. 

Brown-S6quard.  35,  36.  53,  61,  65,  69,  70,  74,  75,  82, 
86,  89,  95,  100,  101,  102,  109,  154,  189,  190,  195, 
197,  204,  .  21 .5,  261,  27],  2*5,  287,  290,  316,  323, 
.380,  423,  125,  459,  40.3,  465,  471,  494,  647,  649, 
650,  651.  056,  658,  661. 

Brnberger,  253. 

Briickenau,  baths  of,  in  diseases  of  tho  spinal  cord, 

170,  171. 
von  Bnmn,  793. 
V.  Bruns.  922. 
Bucbwald,  474,  481,  504. 


INDEX. 


961 


Budge,  55,  58,  1S5. 

Bulbar  Piirulysia,  Acute,  900. 

Burckhardt,  72, 104,  107,  118,  117. 

Burresi,  050. 

Bnsch,  1S6. 

Buzzard,  126. 

Calabab  bean  in  diseases  of  the  spinal  cord,  180. 

Camphor  in  concussion  of  the  spinal  cord,  .356 ;  in 
paralysis  asccndeus  acuta,  747 ;  poisoning  by,  in 
etiology  of  spinal  paralysis,  818. 

Carbon,  snlphide  of,  poisoning  by,  in  etiology  of  spinal 
paralysis,  818. 

Carbonic  oxide,  poisoning  by,  in  etiology  of  spinal  pa- 
ralysis, 818. 

Carcinoma  of  the  Spinal  Cord,  751. 

Carcinoma  of  the  Sp;nal  Membranes,  2()5. 

Cardiac  movements,  centres  for,  in  the  medulla  oblon- 
gata, 858. 

Caries  of  vertebrte  in  etiology  of  meningeal  hemor- 
rhage, 209. 
Carpani,  953. 

Carr6,  Mar.,  519,  524,  539,  567. 
Caster,  615. 

Cathartics  in  acute  spinal  meningitis,  249 ;  in  chronic 
spinal  meningitis,  260  ;  in  hypersemia  of  the  spi- 
nal meninges,  208 ;  in  myelitis,  4SIS ;  in  poliomy- 
elitis anterior  acuta,  707  ;  in  spinal  apoplexy,  305. 

Cautery,  actual,  in  myelitis,  424  ;  in  slow  compression 
of  the  cord,  343. 

Cayley,  265. 

Chapman,  162. 

Charcot,  45,  76,  96,  99,  100,  101,  102,  109,  116,  116, 
118,  119,  131,  123,  124,  126,  127,  130,  138.  141,  221, 
222,  223,  225,  265,  286,  292,  296,  301,  322,  323,  327, 
328,  a33,  3-37,  341,  313,  .386,  397,  405,  435,  430,  4.37, 
441,  473,  475,  476,  482,  484,  491,  493,  494,  490,  499, 
600,  501,  502,  505,  508,  512,  519.  533,  537,  5.38,  549, 
650,  580,  585,  587,  588,  580,  (iOl,  602,  614,  621,  622, 
62.3,  621.  6i"),  (i.37,  640,  641,  (i49,  053,  666,  673,  677, 
7.50,  751,  758,  7(il,  772,  773,  777,  798,  879,  907,  911, 
91.3,  914,  928,  935,  936,  937. 

Ohaussicr,  786. 

Childbed  in  etiology  of  tumors  of  the  spinal  mem- 
branes, 268. 

Chill  in  acute  spinal  meningitis,  2-36;  In  myelitis, 
402  ;  in  spinal  apoplexy,  299 ;  in  tumors  of  the 
spinal  membranes,  27;i. 

Chloral  hydrate  in  acute  spinal  meningitis.  250. 

Chloroform  In  acute  spinal  meningitis,  250  ;  in  myeli- 
tis, 465. 

Cholera  In  etiology  of  multiple  sclerosis,  470. 
Chouppe,  804. 

Chronic  and  Subacute  Inflammation  of  the  Gray  An- 
terior ColumnB,  712. 
Chronic  Atrophic  Spinal  Paralysis,  713. 


Chronic  Traumatic  Tjcsion  of  the  Cord,  819. 

Chvoatek,  474,  475,  539,  750,  751. 

Circulation,  disturbances  of,  in  diseases  of  the  spinal 
cord,  140  ;  in  acute  bulbar  myelitis,  903 ;  in  acute 
spinal  meningitis,  23() ;  in  anieniia  of  the  medulla 
oblongata,  880 ;  in  hemorrhage  in  the  medulla 
oblongata,  871 ;  in  myelitis,  412,  447  ;  in  progres- 
sive bulbar  paralysis,  917,  925 ;  in  tabes  dorsalis, 
589;  in  etiology  of  diseases  of  the  spinal  cord, 
152 ;  of  hypertemia  and  hemorrhage  in  the  me- 
dulla oblongata,  8(ifi  ;  of  myelitis,  42S. 

Clarke,  Lockhart,  30,  110,  119,  386.  519,  535,  606,  673, 
841,  91.3,  924. 

Clemens,  194,  346,  353. 

Climate  in  diseases  of  the  spinal  cord,  175  ;  in  myeli- 
tis, 426,  464;  in  spinal  nervous  weakness,  381. 

Cod-liver  oil  in  concussion  of  the  spinal  cord,  357;  in 
myelitis,  425 ;  in  poliomyelitis  anterior  acuta,  710 ; 
in  slow  compression  of  the  cord,  342 ;  in  spinal  ir- 
ritation, 367 ;  in  tabes  dorsalis,  016. 

Coffee  in  paralysis  ascendens  acuta,  747. 

Cohnheim,  119. 

Cold,  application  of.  In  diseases  of  the  spinal  cord, 
162 ;  in  acute  spinal  meningitis,  249 ;  in  hyperai- 
mia  of  the  spinal  meninges,  208  ;  in  meningeal 
hemorrhage,  216 ;  in  myelitis,  423 ;  in  paralysis 
ascendens  acuta,  746;  in  spinal  apoplexy,  304;  m 
spinal  irritation,  368;  in  wounds  of  the  spinal 
cord,  318  ;  exposure  to,  in  etiology  of  diseases  of 
the  spinal  cord,  151 ;  of  acute  spinal  meningitis, 
229 :  of  chronic  spinal  meningitis,  252 ;  of  hyper- 
temia  of  the  spinal  meninges,  201 ;  of  inflamma- 
tion of  the  spinal  dura  mater,  222 ;  of  multiple 
sclerosis,  476 ;  of  myelitis,  389,  427  ;  of  par.ilysis 
ascendens  acuta,  735 ;  of  poliomyelitis  anterior 
acuta,  669,  708  ;  in  poliomyelitis  anterior  chronica, 
714  ;  of  progressive  bulbar  paralysis,  909  ;  of  spas- 
modic spinal  paralysis,  625 ;  of  spinal  irritation, 
360 ;  of  tabes  dorsalis,  525 ;  of  tumors  of  the 
spinal  membranes,  268. 

Colognese,  793. 

Commotio  Medullas  Spinalis,  341. 

Compression  in  etiology  of  myelitis,  889,  428 ;  of  mye- 
lomalacia, 469. 

Concussion  of  the  Spinal  Cord,  844. 

Concussion  of  spinal  cord  In  etiology  of  myelitis,  428. 

Conium  in  diseases  of  the  spinal  cord,  189. 

Connective  tissue,  changes  in,  in  myelitis,  .398,  4.33. 

Convulsions  in  acute  spinnl  meningitis,  2 12  ;  in  hemor- 
rhage in  the  medulla  oblongata.  872 ;  in  myelitis, 
412 ;  in  poUomyolitls  anterior  acuta,  681,  686  ;  ia 
tumors  of  the  medulla  oblongata,  954. 

Cooper,  A.,  2!0. 

Copaiba,  poisoning  by,  in  etiology  of  spinal  paralysis, 
818. 

Cord,  Spinal,  Anatomy  of,  7. 
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Cornil,  665,  67.3,  713,  716,  733,  736,  758,  764,  949. 
Cough  in  diBcases  of  the  spinal  cord,  142 ;  in  spinal 

irritation,  362. 
Courjon,  333,  341. 
Cruesel,  196. 

CruTcilhier,  70,  75,  266,  267,  268,  270,  295,  473,  517, 
758. 

Oudowa,  waters  of,  in  diseases  of  the  spinal  cord,  169 ; 

in  concussion  of  the  spinal  cord,  357. 
Cumings,  286. 

Cupping  in  myelitis,  459  ;  in  progressive  bulbar  paral- 
ysis, 943  ;  in  tubes  dorsalis,  609. 
Curare  in  diseases  of  the  spinal  cord,  189. 
Cuvier,  733,  743. 

Cyon,  59,  85,  8B,  87,  89,  524,  529,  567,  572,  580,  593. 
Cysticercus  celluIossE  in  the  spinal  membranes,  200. 
Cystitis,  treatment  of,  in  diseases  of  the  spinal  cord, 
193. 

Czerwinsky,  612. 

Damaschino,  116,  666,  671,  673,  677. 
Davaine,  260. 
D6chery,  930,  930. 

Defecation,  disturbances  of,  in  diseases  of  the  spinal 
cord,  138. 

Deformities  of  the  Spinal  Cord,  779. 

Degeneration,  Gray,  of  the  Posterior  Columns,  513. 

Deglutition,  centre  for,  in  the  medulla  oblongata,  860  ; 
disturbances  of,  in  diseases  of  the  spinal  cord,  142 ; 
in  acute  bulbar  myelitis,  903 ;  in  anaamia  of  the 
medulla  oblongata,  880 ;  in  hemorrhage  in  the 
medulla  oblongata,  872 ;  in  myelitis,  412 ;  in  pa- 
ralysis ascendcns  acuta,  742  ;  in  progressive  bulbar 
paralysis,  921 ;  in  slow  compression  of  the  cord, 
337 ;  in  tabes  dorsalis,  589. 

Deiters,  30. 

Ddjerine,  66G,  674,  678,  734,  73(),  737,  741. 
Delamarre.  138,  550.  589. 

Dentition  in  etiology  of  acute  spinal  meningitis,  231 ; 
of  poliomyelitis  anterior  acuta,  669. 

Derivatives  in  diseases  of  the  spinal  cord,  185 ;  in 
acute  spinal  meningitis,  249;  in  chronic  spinal 
meningitis,  260 ;  in  hypenemia  of  the  spinal 
meninges,  207  ;  in  myelitis,  422,  458 ;  in  poliomye- 
litis anterior  acuta,  707 ;  in  poliomyelitis  anterior 
chronica,  731 ;  in  progressive  bulbar  paralysis, 
913;  in  slow  compression  of  the  cord,  343;  in 
■  spinal  irritation,  308 ;  in  tabes  dorsalis,  0U9 ;  in 
tumors  of  the  spinal  membranes,  276  ;  in  wounds 
of  the  ppinal  cord,  318. 

Desnos,  872. 

Diagnosis.    See  Different  niscases. 
Diaphoretics  in  myelitis,  422. 

Diet  in  diseases  of  the  spinal  cord,  192 ;  in  chronic 
spinal  meningitis,  262  ;  in  myelitis,  425,  457,  464  ; 
in  poliomyelitis  anterior  acuta,  709  ;  in  progres- 


sive bnlbar  paralysis,  944  ;  in  slow  compression  of 
the  cord,  342  ;  in  spinal  irritation,  307  ;  in  spinal 
nervous  weakness,  880  ;  in  tabes  dorsalis,  016. 

Digestion,  disturbances  of,  in  diseases  of  the  spinal 
cord,  138 ;  in  myelitis,  412 ;  in  spinal  nervous 
weakness,  374. 

Digestive  tract,  innervation  of,  53. 

Digitalis  in  spinal  apoplexy,  305. 

Diphtheria  in  etiology  of  paralysis  ascendcns  acuta, 
735  ;  of  tabes  dorsalis,  528, 

Diplomyelia,  781. 

Dittmar,  36,  179,  861. 

Diuretics  in  chronic  spinal  meningitis,  261 ;  in  mye- 
litis, 423. 

Driburg,  baths  of,  in  diseases  of  the  spinal  cord,  170, 
171. 

Dubczanski.  128. 
DuBois,  50,  109,  138. 
DuCastcl,  601. 

Duchenne,  83,  105.  116,  886,  475,  618,  519,  570,  665, 
666,  667.  668,  688,  691,  697,  702,  710,  713,  719,  724, 
864,  906,  920,  930,  934,  935,  936,  943. 

Duchenne,  jun.,  669,  695. 

Dujardin-Beaumetz,  3S6,  389,  399,  401,  416,  519,  615, 
677. 

Dumiinil,  103,  519,  906. 
Duret,  850,  877,  881,  884. 
Dusourd,  284. 
Dutrait,  872. 

EAb  symptoms  in  diseases  of  the  spinal  cord,  142 ;  in 
anasmia  of  the  medulla  oblongata.  880  ;  in  hemor- 
rhage in  the  medulla  oblongata,  872 ;  in  multiple 
sclerosis,  500 ;  in  progressive  bulbar  paralysis, 
929  ;  in  tabes  dorsalis,  681 ;  in  tumors  of  the  me- 
dulla oblongata,  954. 

Ebstein,  474,  470,  493,  494,  502,  504,  569. 

Eohinococcus  in  the  Spinal  Membranes,  266. 

Eck.  615. 

Eckhard,  56,  58,  59,  130,  137. 
Ehrling,  323. 

Eichhorst,  46,  65,  296,  745,  798,  880. 

Eilsen,  baths  of,  in  diseases  of  the  spinal  cord,  171. 

Eisenlohr,  740. 

Eisenmann,  519,  570. 

Eisenschitz,  750, 

Electricity  in  diseases  of  the  spinal  cord,  178 ;  in  anre- 
mia  of  the  spinal  cord,  290 ;  in  chronic  spinal 
meningitis,  261 ;  in  concussion  of  the  spinal  conl, 
356;  in  hemorrhage  in  the  medulla  oblongata, 
876  ;  in  hyperemia  of  the  spinal  meninges,  208  ; 
in  inflammation  of  the  spinal  dura  mater,  225 ; 
in  meningeal  hemorrhage,  216 ;  in  multiple  scle- 
rosis, 512 ;  in  myelitis,  424,  459,  462  ;  in  paralysis 
ascendcns  acuta,  746  ;  in  paraplegia  dependent  on 
idea,  822;  in  poliomyelitis  anterior  acuta,  708; 
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In  poliomyelitis  anterior  chronica,  731 ;  in  pro- 
gressive bulbar  poralysis,  944 ;  in  secondory  de- 
generationR  of  the  spinal  cord,  778 ;  in  slow  com- 
pression of  the  cord,  3-13;  in  spasmodic  spinal 
paralysis,  6-i5  ;  in  spinal  apoplexy,  305  ;  in  spinal 
Irritation,  308  ;  in  spinal  nervous  weakness,  881 ; 
in  tabea  dorsalis,  613. 
Ellis,  794. 

Elster,  baths  of,  in  diseases  of  the  spinal  cord,  171, 
Emaciation  in  hemiplegia  et  hemiparaplegia  spinalis, 
653. 

Emboli  and  Thrombi  in  Arteries  of  the  Medulla  Ob- 
longata, 876. 

Embolism  in  etiology  of  myelomalacia,  468. 

Ems,  waters  of,  in  myelitis,  42S. 

Enohoudroma  of  the  Spinal  Membranes,  265. 

Engelken,  S6,  38,  179,  3S6,  410. 

Engesser,  474,  489,  493,  495,  502,  503,  504,  509. 

Epileptic  seizures  in  diseases  of  the  spinal  cord,  101 ; 
in  slow  compression  of  the  cord,  337. 

Erdmann,  551,  610.  930. 

Erection  of  penis  and  ejaculation,  innervation  for,  56. 

Ergot  in  diseases  of  the  spinal  cord,  189 ;  in  concus- 
sion of  the  spinal  cord,  356  ;  in  hypertemia  of  the 
spinal  meninges,  SOS  ;  in  meningeal  hemorrhage, 
216 ;  in  myelitis,  423,  463 ;  in  poliomyelitis  ante- 
rior acuta,  707  ;  in  poliomyelitis  anterior  chronica, 
731 ;  in  progressive  bulbar  paralysis,  945  ;  in  spi- 
nal apoplexy,  305 ;  in  tabes  dorsalis,  615 ;  in 
wounds  of  the  spinal  cord,  318 ;  poisoning  by,  in 
etiology  of  spinal  paralysis,  818. 

Erichsen,  348,  352,  355,  356,  357,  951. 

Erlenmeyer,  619. 

Escher,  809. 

Esquirol,  266,  278. 

Ether  in  concussion  of  the  spinal  cord,  356. 
Etiology.    See  Different  Diseases. 
Eulenburg,  119,  614. 
Ewald,  768. 

Exanthemata,  acute,  in  etiology  of  di.seases  of  the  spi- 
nal cord,  158 ;  of  myelitis,  390  ;  disappearance  of, 
in  etiology  of  acute  spinal  meningitis,  231. 

E-xercisc,  physical,  in  myelitis,  426,  457.  404 ;  in  para- 
plegia dependent  upon  idea,  822  ;  in  poliomyelitis 
anterior  acuta,  711;  in  spinal  in-ltation,  367;  in 
spinal  nervous  weakness,  380 ;  excessive,  in  etiol- 
ogy ol  diseases  of  the  spinal  cord,  152  ;  of  chronic 
spinal  meningitis,  253 ;  of  meningeal  hemorrhage, 
209;  of  multiple  sclerosis,  470;  of  myelitis,  889, 
427 ;  of  spinal  nervous  weakness,  871  ;  of  tabes 
dorsalis,  525. 

Expression  of  face,  afTections  of,  in  progressivo  bulbar 
paralysis,  923. 

Bye  symptoms  in  diseases  of  the  spinal  cord,  141 ,  in 
acute  bulbar  myelitis,  903  ;  In  acute  Fpinal  monin- 
gitis,  242 ;  in  multiple  sclerosis,  487,  498 ;  in  my- 


elitis, 412  ;  in  paralysis  asoendens  aeuta,  741 ;  in 
progressive  bulbar  i)aralysia,  929  ;  in  slow  com- 
pression of  the  cord,  337  ;  in  spinal  irritation,  303  ; 
in  tubes  dorsalis,  541,  503,  570 ;  in  tumors  of  the 
medulla  oblongata,  954. 

Pabricios,  017. 

Febrile  diseases  in  etiology  of  hyiiercEmla  of  the  spi- 
nal meninges,  201. 
Fehst,  8. 

Feinberg,  154,  155,  391,  899. 
Fereol,  5S9. 

Fever  in  diseases  of  the  spinal  cord,  127 ;  in  acute 
spinal  meningitis,  235,  242  ;  in  meningeal  hemor- 
rhage, 213 ;  in  myelitis,  402 ;  in  paralysis  ascen- 
dens  acuta,  741 ;  in  poliomyelitis  anterior  acuta, 
681,  085,  700  ;  in  spinal  apoplexy,  297  ;  in  tumors 
of  the  spinal  membranes,  272 ;  in  wounds  of  the 
spinal  cord,  312,  314. 

Fibroma  of  the  Medulla  Oblongata,  952. 

Fibroma  of  the  Spinal  Membranes,  264. 

Fibrosarcoma  of  the  Spinal  Cord,  750. 

Fibrosarcoma  of  the  Spinal  Membranes,  264. 

Fick,  .36,  38,  179. 

Finkelnburg,  87,  519,  543. 

Fischer,  128,  129. 

Fischer,  H.,  347. 

Flechslg,  62(),  637,  654,  759,  760,  761,  762, 766,  772,  783, 

S3%  SPA,  846,  847,  848,  849,  853,  854. 
Flies,  183. 
Plourens,  65,  857. 

Fluxion,  collateral,  in  etiology  of  hyperemia  of  the 

spinal  meninges,  201. 
Foerster,  266,  499,  581,  750. 
Fourni6,  60. 
Fournier,  528. 
Frank,  P.,  385, 

Franzenbad,  waters  of,  in  diseases  of  the  spinal  cord, 

170;  in  my-flitis,  461. 
Frerichs,  280,  473,  475,  009,  017. 
Freusbcrg,  47,  48,  50,  61,  62,  05,  104,  310,  759. 
Frey,  101,  606,  700,  702,  713,  801,  803.  805,  806,  807. 
Frictions,  external,  in  diseases  of  the  spinal  cord,  186. 
Friedreich,  80,  88,  119,  130,  147,  380,  499.  510,  517, 

619,  523.  537,  539,  650,  500,  502,  503,  504,  565,  567, 

509,  570,  578,  584,  589,  590,  591,  593,  014,  782,  798, 

936,  9.37. 

Frommann,  21,  SO,  886,  897,  4*3,  519. 
Fronmuellor,  227,  .308. 
Frorlcj),  518. 
Fucrbringor,  P.,  50,  lil4. 
Functional  Irritation  of  the  Spinal  Cord,  .357. 
Functional  Nervous  Weakness  of  the  Spinal  Cord,  369. 
Functional  I'cparatlon  of  lesions  of  the  spinal  cord,  64. 
Functional  stUnulatlon  in  etiology  of  hj'pcmimia  of 
the  spinal  uicuingos,  200. 
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Gait  in  diseases  of  the  spinal  cord,  OR  ;  in  tabes  dor- 

salis,  54"i. 
Galen,  885,  517. 

Gangi'ene  in  diseases  of  the  spinal  cord,  121. 
Gastein,  baths  of,  in  diseases  of  the  spinal  cord,  107. 
Gaund,  201,  231. 
Oendrin,  649,  753. 
Gonga,  788. 
Geihardt,  860,  910. 

Oei-lach,  16,  20,  21,  22,  25,  26,  29,  30,  31. 
Gierke,  857. 
Gintrae,  647,  649. 

Glioma  of  the  Medulla  Oblongata,  951. 
Glioma  of  the  Spinnl  Cord,  749. 
Glio-sarcoma  of  the  Medulla  Oblongata,  951. 
Glio-sarcoma  of  the  Spinal  Cord,  750. 
Goetz,  734,  736,  737,  741. 

Gold,  BOdio-chloride  of,  in  diseases  of  the  spinal  cord, 
191 ;  in  myelitis,  426 ;  in  progressive  bulbar  pa- 
ralysis, 945  ;  in  tabes  dorsalis,  615. 

Goll,  25,  30. 

Goltdammer,  292,  296,  713. 

Goltz,  41,  42,  43,  47,  53,  54,  5(5,  58,  65,  70,  92,  112, 129, 

133, 137,  313,  316,  568,  634,  750,  861. 
Gorabault,  116,  641,  649,  060,  674,  751,  907. 
Gosselin,  194. 
von  Graefe,  576,  014. 
Grancher,  399. 
Grasset,  930,  935. 

Gray  Degeneration  of  the  Posterior  Columns,  513. 

Gray  Degeneration  of  the  Spinal  Cord,  428. 

Criesinger,  291,  (il4. 

Grimm,  John,  751,  797. 

GrisoUe,  284. 

Gnietzner,  803,  925. 

Gudrard,  473,  476. 

Gull,  W.,  154,  188,  28:3,  286,  340,  .380,  750. 
Gummata  of  the  Spinal  Cord,  751. 
Gurit,  307,  318. 

Guttmann,  101,  801,  802,  803,  805,  806,  807. 

Habershon,  750,  751. 
Hiematomyelia,  291. 
Haematomyelitis,  201. 
Hajmatorrhachis,  208. 
Hajmon-hagia  MeduUie  Spinalis,  291. 
Haidenhain,  G.,  59. 

Hair,  changes  in,  in  diseases  of  the  spinal  cord,  119. 
Hall,  Marshall,  105. 

Hallopeau,  380,  431,  430,  452,  6C(i,  796,  798,  877,  884, 

8S5,  890,  894,  809,  911,  930,  935. 
Hamilton,  400,  409. 

Hammond,  148,  100,  201,  203,  204,  208,  250,  288,  290, 
801,  365,  366,  367,  868,  881,  470,  471,  494,  512,  5S5, 
668,  607,  710,  724,  935. 

Hanot,  110. 


HarloR."!,  .'JO,  .'585,  567. 
Hartwig,  815,  817. 
Hasse,  209. 
Hawkins,  334. 

Hayom,  116,  200,  210,  292,  SCO,  386,  390,  .^02,  397,  COS, 
399,  401,  402,  416,  7.33,  736,  750. 

Headache  in  diseases  of  the  spinal  cord,  78 ;  in  acute 
spinal  meningitis,  236 ;  in  multiple  sclerosis,  484  ; 
ill  tabes  dorbalis,  543. 

Heart,  aSections  of,  in  myelitis,  418 ;  in  spinal  irrita- 
tion, 862. 

Heart,  innervation  of,  52. 

Hcidenhain,  R.,  128. 

von  Heine,  386.  004,  668,  669,  688,  694,  710. 
Heister,  793. 
Helmholtz,  47,  181. 

Hemiplegia  et  Hemiparaplegia  Spinalis,  64fi. 
Hemorrhage  in  the  Medulla  Oblongata,  865. 
Hemorrhage  in  the  Membranes  of  the  Spinal  Cord, 
208. 

Hemorrhage  in  the  Substance  of  the  Spinal  Cord, 
291. 

Hemorrhage  in  etiology  of  hemiplegia  et  hemipara- 
plegia .spinalis,  649. 

Hemorrhoidal  bleeding,  suppression  of,  in  etiology  of 
acute  spinal  meningitis,  231 ;  of  chronic  spinal 
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Motor  conduction  of  the  medulla  oblongata,  853 ;  of 
the  spinal  cord,  37. 

Moutard-Martin,  284. 

Movements,  co-ordination  of,  39. 

Moxon,  474,  751. 

Mueller,  H.,  65,  217. 

Mueller,  .Toh.,  518. 

MueUer,  R.  H.,  218. 

Mueller.  W.,  119,  649,  653,  666. 

Multiple  Sclerosis  of  the  Spinal  Cord,  472. 
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127 ;  in  progressive  bulbar  paralysis,  927  ;  in  spi- 
nal nervous  weakness,  374 ;  general  disturbances 
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hemorrhage,  210 ;  in  paralysis  ascendens  actual, 
746 ;  in  spinal  irritation,  308 ;  in  spinal  nervous 
weakness,  381. 

Obeknieb,  953,  957. 
Obr6,  205. 

Oeyuhausen,  baths  of,  in  diseases  of  the  spinal  cord, 

168. 
Ogle,  322. 
Oldoini,  792. 

Ollivier,  200,  218,  273,  278,  314,  310,  317,  343,  365,  3a5, 
889,  517,  7.-!3,  750,  780,  796,  868,  890,  951. 

Operative  measures  in  treatment  of  spina  bifida,  792 ; 
in  wounds  of  the  spinal  cord,  318. 
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rior acuta,  711. 
Osteoma  of  the  spinal  membranes,  2U5. 
Osthoff,  553. 
Otto,  474,  477,  512. 
Oulmont,  519. 
Owsjannikow,  856,  861. 

Page,  316. 

Pain  in  diseases  of  the  spinal  cord,  75  ;  in  acute  bul- 
bar myelitis,  903  ;  in  acute  spinal  meningitis,  235, 
237 ;  in  chronic  spinal  meningitis,  256 ;  in  con- 
cussion of  the  epinal  cord,  349 ;  in  hyperaemia  of 
the  spinal  meninges,  203  ;  in  inflammation  of  the 
spinal  dura  mater,  219,  223  ;  in  meningeal  hemor- 
rhage, 211 ;  in  multiple  sclerosis,  484 ;  in  myeli- 
tis, 402 ;  in  poliomyelitis  anterior  acuta,  681,  700  ; 
in  saltatory  spasm,  808 ;  in  slow  compression  o£ 
the  cord,  328,  330  ;  in  spasmodic  spinal  paralysis, 
627  ;  in  spinal  apoplexy,  297 ;  in  spinal  imtation, 
301 ;  in  spinal  nervous  weakness,  S73  ;  in  tabes 
dorsalis,  511,  547  ;  in  tumors  of  the  medulla  oblon- 
gata, 954  ;  in  tumors  of  the  spinal  cord,  754  ;  in 
tumors  of  the  spinal  membranes,  208 ;  In  wounds 
of  the  spinal  cord,  311,  313. 

Panum,  468. 

Paoluzzi,  649,  651. 

Paralysie  Atrophique  de  I'Enfanco  of  Dnchcnne,  603. 

Paralysie  G6n6rale  Spinale  Anterieure  Subaigue  of 
Dnchcnne,  712, 

Paralysis  Ascendens  Acuta,  732. 

Paralysis,  Bulbar,  Acute,  900. 

Paralysis,  Bulbar,  Progressive,  905. 

Paralysis  o£  Landry,  732. 

Paralysis,  Spinal,  Intermittent,  814. 

Paralysis,  Spinal,  Toxic,  817. 

Paralysis  Spinalis  Spastica,  620. 

Paralysis  in  diseases  of  the  spinal  cord,  79;  macula 
bulbar  myelitis,  903  ;  in  acute  spinal  meningitis, 
2  .G,  239;  in  ausEmia  of  the  medulla  oblongata, 
830 ;  in  ansemia  of  the  spinal  cord,  286 ;  in  chronic 
spinal  meningitis,  250 ;  in  concussion  of  the  spi- 
nal cord,  349;  in  hemiplegia  et  heniipai-aplcgia 
spinalis,  650 ;  in  hemorrhage  of  the  medulla  ob- 
longata, 870 :  in  inflammation  of  the  spinal  dura 
mnter,  220,  224 ;  in  injuries  of  the  medulla  oblon- 
gata, 894 :  in  meningeal  hemorrhage,  212 ;  in 
multiple  sclerosis,  404 ;  in  myelitis,  403,  439 ;  in 
myelomalacia,  471 ;  in  paralysis  ascendens  acuta, 
738 ;  in  poliomyelitis  anterior  acuta,  6S2,  687,  700 ; 
in  poliomyelitis  anterior  chronica,  717;  in  pro- 
gressive bulbar  paralysis,  917,  929;  in  slow  com- 
pression of  the  cord,  328,  331  ;  in  spasmodic  spi- 
nal paralysis,  638;  in  epinal  apoplexy,  297;  in 
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Byringomyelia,  SOO  ;  in  tabes  clorsalis,  540,  BS3  ; 
in  tumors  of  the  medulUi  oblouffata,  i)5-l ;  in  tu- 
mors of  the  spinal  cord,  153 ;  in  tumors  of  the 
spinal  raombmnc9,  268 ;  in  wounds  of  the  spinal 
cord,  311,  312. 

Fariiplegia  dependent  on  Idea,  819. 

Parona,  792. 

Parrot,  808,  6K6,  671. 

Pathology.    See  Different  Diseases. 

Pellogrino  Lovi,  733,  735,  739,  741,  742,  743. 

Petit,  J.  L.,  808. 

Petitfils,  674,  677,  783. 

Petri,  172. 

Pfeffers,  baths  of,  in  diseases  of  the  spinal  cord,  167. 
Pfuufer,  210. 
Pflueger,  43,  47. 

Phosphorus  in  diseases  of  the  spinal  cord,  191 ;  in 
myelitis,  463 ;  in  tabes  dorsalis,  615 ;  poisoning 
by,  in  etiology  of  spinal  paralysis,  818. 

Physiail  causes  of  discises  of  the  spinal  cord,  152. 

Physiology  of  the  Medulla  Oblongata,  851. 

Physiology  of  Spinal  Cord,  33. 

Picard,  7.33. 

Pick,  A.,  588. 

Pierres,  773. 

Pierrot,  13,  32,  116,  386,  533,  535,  536,  537,  572,  577, 

578,  583,  601,  674. 
Pitres,  761,  773. 

Pleurisy  in  etiology  of  paralysis  anterior  acuta,  735. 
Plombieres,  baths  of,  in  diseases  of  the  spinal  cord, 
167. 

Pneumonia  in  etiology  of  diseases  of  the  spinal  cord, 

153;  of  tabea  dorsalis,  528. 
Poch6,  713. 
Poinoarfi,  935. 

Poisoning  theory  of  paralysis  ascendens  acuta,  736. 

Poisons  in  etiology  of  diseases  of  the  spinal  curd,  153 ; 
of  hyperoemia  of  the  spinal  meninges,  201 ;  of 
myelitis,  429;  of  spinal  irritation,  3(j0. 

Poliomyelitis  Anterior  Acuta  of  Kuhsmaul,  063. 

Poliomyelitis  Anterior  Subacuta  et  Chronica,  712. 

Position  of  body  in  anaimia  of  the  spinal  cord,  290 ; 
in  concussion  of  the  spinal  cord,  366 ;  in  hypero;- 
mia  of  the  spinal  meninges,  207 ;  in  spinal  apo- 
plexy, .305. 

Potain,  878. 

Potassium,  bromide  of,  in  diseases  of  tho  spinal  cord, 
191 ;  in  myelitis,  4(i5 :  in  spinal  irritation,  809 ;  in 
tabes  dorsalis,  G15;  iodide  of,  in  diseases  of  tho 
spinal  cord,  190;  in  chronic  spinal  meningitis, 
261 ;  in  concussion  of  the  spinal  cord,  850 ;  in 
myelitis.  423.  426,  463 ;  in  myelomalaoio,  471  ;  in 
paralysis  ascendens  acuta,  746;  in  poliomyelitis 
onterior  acuta,  707;  In  poliomyelitis  anterior 
chronica,  731 ;  In  progressive  bulbar  paralysis, 
945 ;  in  slow  compression  of  tho  spinal  cord,  843 ; 


I  in  spinal  apoplexy,  305 ;  in  tabes  dorsalis,  615 ;  in 
tumors  of  tho  spinal  membranes,  270. 

Pregnancy  in  etiology  of  multiple  sclerosis,  476. 

Pr6vost,  065,  673. 

Priapism  in  myelitis,  409. 

Primary  Lateral  Sclerosis,  620. 

Prognosis.    See  Different  Diseases. 

Progressive  Bulbar  Paralysis,  905. 

Psychical  symptoms  in  spinal  irritation,  363. 

Puerperal  diseases  in  etiology  of  myelitis,  390. 

Pulse  in  diseases  of  tho  spinal  cord,  143;  in  acuto 
bulbar  myelitis,  903  ;  in  acute  .spinal  meningitis, 
235;  in  concussion  of  tho  spinal  cord,  349;  in 
hemorrhage  in  the  medulla  oblongata,  872;  in 
hypera^mia  of  the  spinal  meninges.  205  ;  in  mye- 
litis, 412 ;  in  slow  compression  of  the  cord,  337 ; 
in  tabes  dorsalis,  589. 

Putzoys,  43. 

Pyrmont,  baths  of,  in  diseases  of  the  spinal  cord,  170, 
171. 

Quincke,  10,  128,  129,  314. 

Quinine  in  diseases  of  the  spinal  cord,  191 ;  in  acnto 
spinal  meningitis,  251 ;  In  concussion  of  the  spinal 
cord,  357 ;  in  intermittent  spinal  paralysis,  817 ; 
in  meningeal  hemorrhage,  216  ;  m  myelitis,  425, 
465 ;  in  myelomalacia,  471 ;  in  progressive  bulbar 
paralysis,  945 ;  in  slow  compression  of  the  cord, 
342 ;  in  spinal  irritation,  367 ;  in  spinal  nervous 
weakness,  381. 

Rabow,  180,  209. 
Radcliffe,  649. 
Radlick,  497. 

Ragatz,  baths  of,  in  diseases  of  the  spinal  cord,  167. 

Ranke,  179,  184. 

Ranvicr,  21,  22,  733,  736. 

Raymond,  685. 

Raynaud,  550,  589. 

von  Recklinghausen,  671. 

Bectum,  affections  of,  in  spinal  diseases  in  general, 
138  ;  in  acuto  bulbar  myelitis,  903 ;  in  acute  spinal 
meningitis,  236 ;  in  concussion  of  the  spinal  cord, 
349 ;  in  hemiplegia  et  hemlparaplojtia  spinalis, 
(553  ;  in  meningeal  hemorrhage,  213 ;  in  multiple 
sclerosis,  486  ;  in  myelitis,  409 ;  in  myelomalacia, 
471 ;  in  paralysis  ascendens  acuta,  740 ;  in  slow 
compression  of  the  cord,  329,  334  ;  in  spinal  apo- 
l)lcxy,  298;  in  tumors  of  the  spinal  membranes, 
271 ;  in  wounds  of  tho  spinal  cord,  811,  312  j  ia 
etiology  of  tabes  dorsalis,  528. 

Rectum,  innervation  for  evacuation  of,  53. 

Reflex  action  of  the  spinnl  cord,  40. 

Rohme,  waters  of,  in  disoasns  of  the  spinal  cord,  ICS; 
in  myelitis,  401  ;  in  spinal  nervous  weakness,  381 ; 
in  tabes  dorsalis,  611. 
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Beichert,  50. 

Beinez,  baths  of,  in  diseases  of  the  spinnl  cord,  171. 
Eenmk  E.,  70,  71,  72,  178,  184,  519,  553,  581,  593,  595, 

618,  715. 
Eenmk,  Sen.,  539,  538. 

Eespiration,  distuibanceB  of,  in  diseases  of  the  spinal 
cord,  140  ;  in  acute  bulbar  myelitis,  903  ;  in  acute 
spinal  meningitis,  23ti,  241 ;  in  anajmia  of  the 
medulla  oblongata,  880  ;  in  concussion  of  the  spinal 
cord,  849 ;  in  hemorrhage  in  the  medulla  oblon- 
gata, 871  ;  in  hypera;mia  of  the  spinal  meninges, 
204 ;  in  multiple  sclerosis,  49S ;  in  myelitis,  412, 
447 ;  in  paralysis  ascendens  acuta,  788 ;  in  pro- 
gi-essive  bulbar  paralysis,  917,  925 ;  in  slow  com- 
pression of  the  cord,  337 ;  in  spinal  irritation, 
3fi2  ;  in  tabes  dorsalis,  589. 

Eespiration,  artificial,  in  hemorrhage  in  the  medulla 
oblongata,  S7G. 

Eespiration,  innervation  of  organs  of,  53. 

Ecspiratory  centres  in  the  medulla  oblongata,  857. 

Best  in  concussion  of  the  spinal  cord,  356  ;  in  menin- 
geal hemorrhage,  210  ;  in  myelitis,  422. 

Beynolds,  J.  Eussell,  153,  819,  820,  821. 

Bheumatisra  in  etiology  of  myelitis,  390  ;  in  etiology 
of  tabes  dorsalis,  528. 

Eichter,  Fr.,  167, 173,  610,  618. 

Eiegel,  128,  162,  649,  651. 

Billiet,  665. 

Bindfleisch,  473. 

BInecker,  671. 

Eizzoli,  792. 

Boberlson,  142,  577.' 

Bobin,  194. 

Bockwell,  184,  C65,  E69. 
Boessingh,  155. 
Eoger,  116,  666,  671,  677. 
Bokitansky,  P.,  53,  618,  75S,  657. 
Bomberg,  148,  280,  380,  518,  521,  538,  607,  618,  815. 
Eomerbad,  baths  of,  in  diseases  of  the  spinal  cord, 
167. 

Bosenstcin,  130. 

Eosenthal,  M..  148,  203,  266,  837,  340,  623,  643,  610, 

611,  930. 
Both,  110,  666,  671,  677. 
Better,  890. 
Buehle,  87,  218. 
Runge,  172. 

Sachs,  C,  50. 

Salivary  secretion,  affection  of,  in  progressive  bulbar 

paralysis,  924. 
Salomon,  148,  (iOl,  746. 
Saltatory  Sp.asni,  801. 
Samuclson,  950. 
Sander,  265,  flSO,  749. 
Sarcoma  of  the  Spinal  Cord,  750. 


Sarcoma  of  the  Spinal  Membranes,  264. 
Schiefferdecker,  26,  30,  759,  763,  770,  773,  782. 
SchlCf,  35,  36,  37,  38,  39,  41,  42,  45,  53,  61,  64,  09,  71, 

72,  74,  75,  77,  816,  554,  055,  853,  654,  860. 
Sohiffer,  283. 

Schlangenbad,  baths  of,  in  diseaaes  of  the  spinal  cord, 
167. 

Schlesinger,  42,  57,  58,  801. 
Scholz,  169,  S47,  £53,  m,  370,  750,  753. 
Scluiele,  474,  481,  489,  493,  612. 
Schueller,  186. 

Schueppel,  45,  88,  90,  92,  95,  569,  749,  750,  754 
Schuetzenberger,  293. 

Schultze.  F.,  50,  162,  227,  280,  2a8,  238,  428,  490,  496, 

509,  602,  6«(>,  674,  678,  761,  762,  782. 
Schultze,  .M.,  19,  117. 
Schuiz,  007. 

Schulze,  E..  525,  528,  629. 

Schwalbach,  baths  of,  in  diseases  of  the  spinal  cord, 
170  ;  in  concussion  of  the  spinal  cord,  857. 

Sclerosis,  Diffuse,  of  the  Medulla  Oblongata,  949. 

Sclerosis,  Multiple,  of  the  Spinal  Cord,  472. 

Sclerosis  of  the  Lateral  Columns,  020. 

Sclerosis  of  the  Posterior  Columns,  513. 

Sclerosis  of  the  Spinal  Cord,  426. 

Sclerosis  in  etiology  of  hemiplegia  et  hemiparaplegia 
spinalis,  649. 

Sclerotic  Centres  of  the  Medulla  Oblongata,  947. 

Scrofula  in  etiology  of  tumors  of  the  spinal  cord,  752. 

Scrofulous  diathesis  in  etiology  of  tumors  of  the  spi- 
nal membranes,  268. 

Seasons  of  the  year  in  etiology  of  poliomyelitis 
anterior  acuta,  668. 

Secretion,  innervation  for  processes  of,  58. 

Secretions,  certain  centres  for,  in  the  medulla  oblon- 
gata, 862. 

SeeligmucUer,  624.  809,  814. 

Sensation,  disturbances  of,  in  diseases  of  the  spinal 
cord,  66 ;  in  acute  bulbar  myelitis,  903 ;  in  acute 
spinal  meningitis,  2o6,  23!) ;  in  ana>mia  of  the 
medulla  oblongata,  880  ;  in  aneemia  of  the  spinal 
cord,  280  ;  in  chronio  spinal  meningitis,  255,  257  ; 
in  concussion  of  the  spinal  cord,  849 ;  in  hemiple- 
gia et  hemiparaplegia  spinalis,  650 ;  in  hemor- 
rhage in  the  medulla  oblongata,  871 ;  in  hypcr- 
ffimia  of  the  spinal  meninges,  208 ;  in  inflammation 
of  the  spinal  dura  mater,  220,  224 ;  in  injuries  of 
the  medulla  oblongata.  8!)5 ;  In  meningeal  hemor- 
rhage, 212 ;  in  multiple  sclerosis,  484 ;  in  myelitis, 
402,  488 ;  in  myelomalacia,  471 ;  in  paralysis 
ascendens  acuta,  739;  in  poliomyelitis  anterior 
chronica,  717 ;  in  slow  com]>ression  of  the  cord, 
328,  333 ;  in  spasmodic  spinal  ijaralysis,  627 ;  in 
spinal  apoplexy,  297 ;  in  sjtinal  irritation,  361 ;  in 
spinal  nervous  weakness,  873  ;  in  syringomyelia, 
800  ;  in  tabes  doisnlis,  542,  545,  547  ;  in  tumors  of 
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the  medulla  oblongata,  954 ;  In  tumors  of  the  spi- 
nal cord,  753  ;  in  tumors  of  the  spinal  membranes, 
208 ;  in  wounds  of  the  spinal  cord,  311,  313. 

Sensory  Conduction  in  tho  Medulla  Oblongata,  854. 

Sensory  Conduction  in  tho  Spinal  Cord,  85. 

SepticEcmla  in  diseases  of  the  spinal  cord,  122. 

Soquin,  GOO. 

Setchenow,  51,  52. 

Sex  in  etiology  ot  diseases  of  the  spinal  cord,  150  ;  of 
acute  spinal  meningitis,  22i) ;  of  multiple  sclero- 
sis, 475 ;  of  myelitis,  388,  427  ;  of  paralysis  aacen- 
dens  acuta,  735  ;  of  progressive  bulbar  paralysis, 
909 ;  of  spinal  apoplexy,  292 ;  of  spinal  irritation, 
S60 ;  of  spinal  nervous  weakness,  371 ;  of  tabes 
dorsalis,  523. 

Sexual  excesses  and  irregularities  in  etiology  ot  dis- 
eases of  the  spinal  cord,  147 ;  of  chronic  spinal 
meningitis,  253 ;  of  concussion  of  tho  spinal  cord, 
346  ;  of  myelitis,  388,  437  ;  of  myelomalacia,  470 ; 
of  poliomyelitis  anterior  chronica,  714 ;  of  spinal 
irritation,  360  ;  of  spinal  nervous  weakness,  371 ; 
of  tabes  dorsalis,  525. 

Sexual  functions,  disturbances  of,  in  diseases  of  the 
spinal  cord,  136 ;  in  hemiplegia  et  hemiparaplegia 
spinalis,  653 ;  in  multiple  sclerosis,  486,  503 ;  in 
myelitis,  446  ;  in  poliomyelitis  anterior  acuta,  699 ; 
in  spinal  nervous  weokness,  373  ;  in  tabes  dorsalis, 
543,  585. 

Shaw,  665. 

Silver,  nitrate  of,  In  diseases  of  the  spinal  cord,  190 ; 
in  multiple  sclerosis,  513 ;  in  myelitis,  425,  463 ; 
In  poliomyelitis  anterior  acuta,  710 ;  in  progres- 
sive bulbar  paralysis,  945;  in  spasmodic  spinal 
paralysis,  645 ;  in  tabes  dorsalis,  614. 

Simon,  128,  222,  267. 

Simon,  Th.,  386,  398,  748,  749,  750,  752,  754,  764,  773, 

796,  797,  798. 
Simple  Softening  of  the  Spinal  Cord,  467. 
Sinklor,  Wharton,  668,  688,  710. 
Siredcy,  615. 

Skin,  affections  of,  in  diseases  of  the  spinal  cord,  119 ; 
In  acute  spinal  meningitis,  242 ;  in  hemiplegia  et 
hemiparaplegia  spinalis,  650  ;  in  inllammation  ot 
the  spinal  dura  mater,  224  ;  in  multiple  sclerosis, 
483 ;  in  myelitis,  403  ;  in  paralysis  ascendens 
acuta,  740 ;  in  poliomyelitis  anterior  acuta,  680, 
69-'i,  700 ;  in  slow  compression  of  the  cord,  328, 
830,  336  ;  in  spina  bifida,  788  ;  in  tabes  dorsalis, 
540,  674,  580. 

Sleeplessness  in  spinal  nervous  weakness,  374. 

Slow  Compression  of  tho  Cord,  819. 

Small-pox  in  ctiolopfy  of  nuiltiplo  sclerosis,  476 ; 
of  myelitis,  390 ;  of  paralysis  ascendens  acuta, 
7S5. 

Smell,  disturbances  of,  la  multiple  sclerosis,  600 ;  in 
tabes  dorsalis,  683, 


Soden  a.  Tnunus,  baths  of,  In  dlseasos  ol  tho  spinal 

cord,  168. 
Solraon,  651,  653. 
Sonnei\kalb,  7;0. 

Spaeth,  86,  88,  90,  92,  95,  519,  554,  569,  570. 

Spasm  in  diseases  ot  tho  spinal  cord,  99 ;  in  spinal 

irritation,  :.C2. 
Spasmodic  Spinal  Paralysis,  020. 
Speech,  cenlies  for,  in   tho   medulla  oblongata, 

859. 

Speech,  disturbances  of,  in  diseases  ot  the  spinal  cord, 
142,  143;  in  anosmia  of  the  medulla  oblongata, 
£80 ;  in  hemorrhage  in  the  medulla  oblongata, 
872;  in  multiple  sclerosis,  487,  496;  in  myelitis, 
412,  447 ;  in  paralysis  ascendens  acuta,  742 ;  in 
progressive  bulbar  paralysis,  915,  919;  in  tabes 
dorsalis,  563 ;  in  tumors  of  tho  medulla  oblongato, 
954. 

Spiess,  518. 

Spina  Bifida,  785. 

Spinal  Apoplexy,  291. 

Spinal  Cord,  Introduction  to  Digeases 
of,  3. 

Anatomical  Introduction,  7  ;  bibliography,  7. 

Physiological  Intiioduction,  33;  bibliography, 
33 ;  sensory  conduction,  35 ;  motor  conduction, 
37  ;  co  ordination  of  movements,  39 ;  vaso-motor 
paths  and  centres,  42 ;  trophic  centres  and  paths, 
44 ;  reflex  action,  46 ;  inhibition  of  reflex  action, 
51 ;  centres  and  paths  for  the  innervation  of  the 
viscera,  52. 

General  Symptomatology,  66 ;  disturbances  of 
senaibility,  66 ;  diminution  of  sensory  action, 
antesthesia,  67 ;  exaggeration  of  sensory  action, 
73 ;  di.'turbances  of  motility,  79 ;  diminution  of 
motility,  weakness,  and  paralysis,  79 ;  imperfect 
co-ordination  of  movements,  ataxia,  Si ;  various 
characteristic  gaits,  96 ;  increase  of  motility, 
spasm,  97 ;  alteration  in  the  velocity  of  the  motor 
conduction,  104 ;  electric  reaction  of  tho  motor 
apparatus,  105 ;  disturbances  of  reflex  activity, 
107;  vaso-motor  disturbances.  111;  trophic  dis- 
turbances, 113;  disturbiinces  of  tho  urinary  and 
sexual  apparatus,  129 ;  disturbances  ot  digestion 
ond  defecation,  1.38;  disturbances  of  respiration 
and  circulation,  140 ;  disturbances  of  the  oculo- 
pupillary  fibres,  the  various  cerebral  nerves,  and 
the  brain  itself,  141. 

Oeneiial  Etiology,  146;  neuropathic  disposition, 
146;  sexual  excesses  and  irregularities,  147;  in- 
fluence of  age  and  sex,  150;  general  disturbances 
of  initrition,  151 ;  propagation  of  neighboring  mor- 
bid processes,  151 ;  cxijosnre  to  cold,  151 ;  disturb- 
ances of  circulation,  excessive  exertion  and  psy- 
chical inlluences,  152 ;  poisonings  and  tho  local 
dovolopmcnt  ot  various  infectious  diseases,  153 ; 
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acute  diseases,  153 ;  irritation  (vnd  disease  of  per- 
ipheral organs,  154. 
Genebal  Diagnosis,  155. 

Geneual  Tueuatedtics,  160 ;  external  remedies, 
l(i2;  cold,  lfi2;  warmth,  103;  baths,  104;  cli- 
mate, 175;  electricity,  178;  blood-letting  and  de- 
rivatives, 185 ;  external  frictions,  186 ;  internal 
remedies,  187 ;  symptomatic  remedies  and  meth- 
ods, 1U2  ;  general  methods  of  life,  I'JIi. 
jSpinul  Cord,  Diseases  of  Membranes  of, 
li)9. 

HYPEas;MiA  OF  THE  Meninges  op  theCobd,  akd 
OF  the  Gokd  itself,  lU'J ;  bibliography,  199 ; 
etiology  and  pathogenesis,  200  ;  pathological 
anatomy,  202 ;  symptomatology,  203  ;  diagnosis, 
206 ;  treatment,  207. 

Meningeal  Hemorkhage,  208 ;  bibliography,  208 ; 
etiology  and  pathogenesis,  209 ;  pathological  anat- 
omy, 210 ;  symptomatology,  211  ;  course  and  ter- 
mination, 213 ;  diagnosis,  214 ;  prognosis  and 
treatment,  215. 

Inflammation  op  the  Spinal  Dura  Mater,  216 ; 
bibliography,  216  ;  Fachymeninailis  Spinalis  Ex- 
terna, 217  ;  pathological  anatomy,  218 ;  symp- 
tomatology, 219 ;  diagnosis,  220 ;  prognosis  and 
treatment,  221 ;  Pachymeiiinuilia  Interna,  221 ; 
etiology  and  pathological  anatomy,  222 ;  symp- 
tomatology, 223  ;  diagnosis,  prognosis,  and  treat- 
ment, 225. 

Inflammation  of  the  Spinal  Pia  Mater,  226 ; 
bibliography,  226  ;  tlie  acuta  farm,  229  ;  etiology, 
229 ;  pathological  anatomy,  2^31 ;  symptomatolo- 
gy, 2-34 ;  course,  duration,  termination,  244 ;  di- 
agnosis. 245 ;  prognosis,  247 ;  treatment,  848 ;  the 
chronic  form,  252 ;  etiology,  252 ;  pathological 
anatomy.  253  ;  symptomatology,  255  ;  course,  du- 
ration, result,  2.57 ;  diagnosis,  258 ;  prognosis, 
259 ;  treatment,  260. 

TtiMOBS  OF  THE  SPINAL  MEMBRANES,  262 ;  biblio- 
graphy, 262 ;  pathological  anatomy,  264 ;  etiolo- 
gy, 268  ;  symptomatology,  2(i8  :  course,  duration, 
termination,  273  ;  diagnosis,  274  ;  prognosis  and 
treatment,  276. 
Addendum..    Anatomical  changes  in  the  spinal  mem- 

brixnes,  without  clinical  significance,  277. 
Spinal  Cord,  Diseases  of,  279. 

Hypeb/Emia  Of  THE  CoBD,  280 ;  general  remarks, 
280. 

AuaiMiA  OF  THE  CoRD,  2S1 ;  bibliography,  281 ;  pa- 
thogenesis and  etiology,  282  ;  pathological  anato- 
my, 285  ;  symptomatology,  286  ;  course,  duration, 
termination,  288  ;  diagnosis,  prognosis,  269 ; 
treatment,  290. 

Bpinal  Apoplexy,  291 ;  bibliography,  291 ;  patho- 
genesis and  etiology,  292  :  ijathological  anatomy, 
294 ;  symptomatology,  297 ;    course,  duration, 


termination,  SOI ;  diognoftis,  802  :  prognosis  and 
treatment,  304. 

Wounds,  o05;  bibliography,  8C5;  etiology,  306; 
pathological  anatomy,  308 ;  symptomatology,  ElO  ; 
course,  duration,  terminatioH,  316 ;  diagnosis  and 
prognosis,  817 ;  treatment,  318. 

Slow  Compression  op  the  Cord,  319 ;  bibliog- 
raphy, 31!) ;  etiology  and  pathogenesis,  320 ;  patho- 
logical anatomy,  824;  symptomatology,  .327; 
course,  duration,  termination,  S/jS;  diagnosis, 
339 ;  prognosis,  341 ;  treatment,  342. 

Concussion  of  the  Spinal  Cord,  344  :  biblio- 
graphj',  244 ;  etiology  and  pathogenesis,  345 ; 
pathological  anatomy,  346  ;  symptomatology,  348  ; 
diagnosis,  353  ;  prognosis,  355  :  treatment,  3C6. 

Spinal  Irritation,  <S51  ;  bibliography,  357 ;  eti- 
ology, 300 ;  symptomatology,  361 ;  course,  dura- 
tion, termination,  363  ;  diagnosis,  C65  ;  prognosis 
and  treatment,  367. 

Spinal  Nervous  Weakness,  369 ;  bibliography, 
369 ;  etiology,  371 ;  symptomatology,  372 ;  course, 
duration,  termination,  376 ;  diagnosis,  .378 ;  prog- 
nosis, 379 ;  treatment.  380. 

Myelitis,  382 ;  bibliography,  382 ;  introduction, 
383 ;  history,  385  ;  Myelitis  acuta,  387 ;  etiology 
and  pathogenesis,  388 ;  pathological  anatomy, 
391 ;  symptomatology,  402 ;  course,  duration, 
termination,  414  ;  diagnosis,  418  ;  prognosis,  420  ; 
treatment,  422  ;  Myelitis  chronica,  426 ;  etiology 
and  pathogenesis,  427 ;  pathological  anatomy, 
420 ;  symptomatology,  438 ;  course,  duration, 
termination,  448 ;  different  forms  of  chronic  my- 
elitis, 449  ;  diagnosis,  453  ;  prognosis,  456 ;  treat- 
ment, 457. 

Myelomalacia,  467 ;  bibliography,  407 ;  pathoge- 
nesis, 468  ;  pathological  anatomy,  470 ;  symptom- 
atology, 470  ;  diagnosis,  prognosis,  treatment,  471. 

Multiple  Sclerosis,  472  ;  bibliography.  472;  his- 
tory, 473 ;  etiology  and  pathogenesis,  475 ;  poth- 
ological  anatomy,  477 ;  symptomatology,  483 ; 
course,  duration,  termination,  505;  diagnosis, 
507;  treatment,  512. 

Tabes  Dorsalis.  513;  bibliography,  513 ;  history, 
517 ;  etiology  and  pathogenesis,  522  ;  pathological 
anatomy,  531 ;  syniptoniotology,  640  ;  analysis  of 
symptoms,  547;  course,  duration,  termination, 
596 ;  theory  of  the  disease,  599 ;  diagnosis,  603  ; 
prognosis,  607 ;  treatment,  608. 

Spasmodic  Spinal  Paralysis,  620 ;  bibliography, 
620;  introduction  and  history,  621;  etiology  and 
pathogenesis,  024 ;  pathological  onatomy,  625 ; 
symptomatology,  627  ;  course,  duration,  termina- 
tion, 6  !5 :  theory  of  the  disea.se,  636 ;  complica- 
tions, 538 ;  diagnosis,  642  ;  prognosis,  644 ;  treat- 
ment, 645. 

ilEMIPLBGIA  KT  Hemiparaplkoia  Spihalis,  C46 ; 
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bibliography,  616  ;  history,  646;  etiology  and  pnth- 
ologlciU  nnntomy,  CIS ;  symptomatology,  649 ; 
pathological  physiology,  654;  course,  duration, 
termination,  660  ;  diagnosis,  (i61 ;  prognosis,  662 ; 
treatment,  662. 
PoLiOMYEMTis  Akteriou  Aouta,  66):  bibliogra- 
phy, 663 ;  history,  664  ;  definition,  666  ;  etiology 
and  pathogenesis,  6S7  ;  pathological  anatomy,  670 ; 
symptomatology,  C81 ;  the  poliomyelitis  anterior 
acuta  in  children,  681  ;  the  poliomyelitis  anterior 
acuta  in  the  adult,  609 ;  conrse,  duration,  termina- 
tion, 701 ;  diagnosis,  703 ;  prognosis,  706 ;  treat- 
ment, 707. 

Poliomyelitis  Anterior  Chronica,  712 ;  history, 
713 ;  etiology,  714 ;  pathological  anatomy,  716  ; 
symptomatology,  717 ;  diagnosis,  728  ;  prognosis, 
731;  treatment,  731. 

Paralysis  Ascendens  Acuta,  732 ;  bibliography, 
732 ;  history,  732  ;  etiology  and  pathogenesis,  735  ; 
pathological  anatomy,  736 ;  symptomatology,  737; 
diagnosis,  743;  prognosis,  745;  treatment,  746. 

iNTBAMEDUiiART  TuMORS,  747  ;  bibliography,  747 ; 
pathological  anatomy,  74S ;  etiology,  752 ;  symp- 
tomatology, 753  ,  diagnosis,  705  ;  prognosis  and 
treatment,  75(i. 

Secondary  •  Deoenerations,  757 ;  bibliography, 
757  ;  history,  758 ;  etiology  and  pathogenesis,  759 ; 
pathological  anatomy,  767  ;  symptomatology,  774 ; 
diagnosis,  776  ;  prognosis,  777  ;  treatment,  778. 

Deformities  and  Malformations,  779;  biblio- 
graphy, 779;  general  classijlcations,  779;  symp- 
toms of  spina  bifida,  787  ;  diagnosis,  790 ;  progno- 
sis, 791 ;  treatment,  791. 

Bare  and  Doubtful  Diseases  794 ;  Syringoma/- 
elia,  795 ;  bibliography,  795 ;  pathogene.-iis  and 
pathological  anatomy,  796  ;  symptomatology,  800  ; 
Saltatory  Spasm,  801 ;  bibliography,  801 ;  symp- 
tomatology 801 ;  etiology,  806 ;  treatment,  808 ; 
To7ilc  Spasms,  808;  bibliography,  808;  symp- 
tomatology, 809 ;  etiology.  814 ;  treatment,  814  ; 
Inlermitlent  Spinal  Paralysis,  Sli;  bibliography, 
814;  symptomatology,  815  ;  diagnosis,  817 ;  treat- 
ment, 817;  Toxic  Spinal  JParaUjsts,  817;  biblio- 
graphy, 817 ;  general  remarks,  818  ;  Paraplegia 
dependent  upon  Idea,  819;  bibliography,  819; 
etiology,  819;  symptomatology,  819;  diagnosis, 
821  ;  treatment.  821. 
Spinal  cord,  abnormal  size  of,  781. 
Spinal  cord,  affections  of,  ni  chronic  myelitis,  429  ;  in 
hypcrajniia  of  the  spinal  meninges,  203 ;  in  in- 
flammation of  the  spinal  dnra  mater,  222  ;  in  in- 
flammation of  the  spinal  pia  mator,  S54  ;  in  me- 
ningeal hemorrhage,  Sll  ;  in  multiple  sclerosis, 
477  ;  In  myelitis,  391  ;  In  poliomyelitis  anterior 
acuta,  671 ;  In  poliomyelitis  anterior  chronica, 
716  ;  in  secondary  degenerations,  767  ;  in  spasmo- 


dic spinal  paralysis,  645  ;  In  syringomyelia,  800  ; 
in  tabes  doi-salis,  531  ;  froni  tumors,  748 ;  in  tu- 
mors of  the  spinal  membranes,  267  ;  a/Tectlons  of. 
In  etiology  of  hemiplegia  et  hemiparaplcgia  spina- 
lis, 648  ;  of  secondary  degeneration  of  the  cord 
itself,  762  ;  oE  spinal  apoplexy,  293. 

Spinal  Cord,  Anatomy  of,  7. 

Spinal  Cord,  Physiology  of,  33. 

Spinal  Cord,  Inflammation  of,  382. 

Spinal  Infantile  Paralysis  of  von  Heine,  663. 

Spinal  Irritation,  357. 

Spinal  Nervous  Weakness,  369. 

Spinal  Paralysis,  Acute,  of  Adults,  663. 

Spinal  Paralysis,  Chronic  Atrophic.  712. 

Spinal  Paralysis,  Intermittent,  814. 

Spinal  Paralysis  of  Brown-Sfiquard,  646. 

Spinal  Paralysis,  Toxic,  817. 

Spine,  rigidity  of,  in  acute  spinal  meningitis,  285. 

Steiner,  204. 

Stcinmann,  59. 

Steinthal,  518,  546. 

Stenson,  282. 

Steudener,  313, 316. 

Stieda,  837,  838. 

Stilling,  30,  365,  844. 

Stimulants  in  concussion  of  the  spinal  cord,  356 ;  in 
hemorrhage  in  the  medulla  oblongata,  876;  in 
myelitis,  425 ;  in  paralysis  ascendens  acuta,  747 ; 
in  spinal  irritation,  367  ;  in  spinal  nervous  weak- 
ness, 380. 

St.  Moritz,  baths  of,  in  diseases  of  the  spinal  cord,  170. 
Stokes,  254. 

Strychnia  in  diseases  of  the  spinal  cord,  188 ;  in  anae- 
mia of  the  spinal  cord,  290  ;  in  concussion  of  the 
spinal  cord,  356 ;  in  myelitis,  43(i,  461 ;  in  myelo- 
malacia, 471 ;  in  poliomyelitis  anterior  acuta,  710  ; 
In  slow  compression  of  the  cord,  343 ;  in  spinal 
irritation,  363  ;  in  spinal  nervous  weakness,  381 ; 
in  tabes  dorsalis,  615. 

Subacute  and  Chronic  Infiammation  of  the  Gray  An- 
terior Horns,  712. 

Sweating  in  tabes  dorsalis,  589 ;  suppression  of,  in 
etiology  of  acute  spinal  meningitis,  231 ;  of  tabes 
dorsalis,  529. 

Symptomatology.    See  Different  Diseases. 

Syphilis  in  etiology  of  diseases  of  the  spinal  cord,  153 ; 
of  hemiplegia  et  hemiparaplcgia  spinalis,  649;  of 
myelitis.  890,  428 ;  of  paralysis  ascendens  acuta, 
735  ;  of  tabes  dorsalis,  628  ;  of  tumors  of  the  spinal 
cord,  7C2 ;  of  tumors  of  the  sjiinal  membranes,  268, 

Syphiloma  of  the  Spinal  Cord,  751. 

Syphiloma  of  the  Spinal  Membranes,  366, 

Syringomyelia,  795. 

Tades  DonsAi.is,  513. 

Tabes  Dorsal  Spasmodiquc  of  Charcot,  630. 


974 


rN"DEX. 


Talipes  a  result  o£  poliomyelitis  anterior  acuta, 
696. 

Torchanoff,  43. 

Taste,  disturbances  of,  in  multiple  Bolerosis,  500  ;  in 

tabes  dorsalis,  5S2. 
Taylor,  733. 
Teale,  J.  W.,  128. 
Teissier,  519. 

Temperature  of  body  in  diseases  of  the  spinal  cord, 
137 ;  in  acuto  spinal  meningitis,  235,  2-12 ;  in 
hemorrhage  in  the  medulla  oblongata,  872;  in 
meningeal  hemorrhage,  2l3  ;  in  myelitis,  402  ;  in 
paralysis  ascendens  acuta,  740  ;  in  poliomyelitis 
anterior  acuta,  GSl,  685,  700  ;  in  tumors  of  the 
spinal  membranes,  272  ;  in  wounds  of  the  spinal 
cord,  312,  313. 

Tendons,  affections  of,  in  poliomyelitis  anterior  acuta, 
6S0  ;  in  spasmodic  spinal  paralysis,  628 ;  in  tabes 
dorsalis,  575. 

Tenner,  28.3,  880. 

Teplitz,  baths  of,  in  diseases  of  the  spinal  cord,  107 ; 

in  myelitis,  400. 
Thiry,  8(11. 
Thomson,  J.,  809. 

Thrombi  and  Emboli  in  Arteries  of  the  Medulla  Ob- 
longata, 876. 
Thrombosis  in  etiology  of  myelomalacia,  468. 
Tibbits,  423. 
Tiesler,  154. 
Tirard,  882,  884. 

Tobacco,  poisoning  by,  in  etiology  of  spinal  paralysis, 

818 ;  of  tabes  dorsnlis,  520. 
Todd,  105,  518. 

Tongue,  afifections  of,  in  diseases  of  the  spinal  cord, 
142. 

Tonics  in  meningeal  hemorrhage,  216  ;  in  myelitis, 
425 ;  in  myelomalacia,  471 ;  in  slow  compression 
of  the  cord,  342  ;  in  spinal  irritation,  367 ;  in 
spinal  nervous  weakness,  881. 

Tonic  Spasms,  808. 

Topinard,  70,  71,  80,  3S6,  519,  523,  524,  549,  553,  556, 

557.  570,  572,  580,  016. 
Toxic  Spinal  Paralysis,  817. 

Toxic  stimulation  in  etiology  of  hyperemia  of  the  .spl 

nal  meninges,  201. 
Traube,  210,  217,  261. 
Treatment.    Sec  Different  DiBcases, 
Troisier,  116,  640,  783. 

Trophic  centres  and  paths  in  the  spinal  cord,  44. 
Trophic  disturbances  in  diseases  of  the  spinal  cord, 

113  ;  in  tabes  dorsalis,  580. 
Trousseau,  510,  52;j,  569,  585,  GOO,  006,  935. 
Tscheschichin,  128. 

Tubercle  of  the  Medulla  Oblongata,  951. 
Tubercle  of  the  Spinal  Cord,  750. 
Tubercle  of  the  Spinal  Membranes,  265. 


Tubercular  basilar  meningitis  in  etiology  of  acute  spi- 
nal meningitis,  230. 

Tuberculosis  in  etiology  of  diseases  of  the  spinal  cord, 
153  ;  of  tumors  of  the  spinal  cord,  752. 

Tuberculous  diathesis  in  etiology  of  tumors  of  the  spi- 
nal membranes,  208. 

Tuckwell,  285. 

Tuengcl,  750. 

Tuerck,  74,  .326,  886,  473,  518,  622,  758,  759,  761,  770, 
773,  006. 

Tumors  of  the  Medulla  Oblongata,  950. 

Tumors  of  the  Spinal  Cord,  747. 

Tumors  of  the  Spinal  Membranes,  262. 

Tumors  in  etiology  of  hemiplegia  et  hcmiparaplegia 
spinalis,  (i49 ;  of  injuries  of  the  medulla  oblongata, 
890 ;  of  slow  compression  of  the  cord,  320. 

Tutscheck,  283,  286. 

Typhoid  fever  in  etiology  of  diseases  of  the  spinal 
cord,  153  ;  of  paralysis  ascendens  acuta,  735. 

Typhus  fever,  in  etiology  of  multiple  sclerosis,  476 ; 
of  myelitis,  390 ;  of  tabes  dorsalis,  528. 

TJnobbwood,  605. 

Unilateral  Lesion  of  the  Spinal  Cord,  646. 

Urinary  symptoms  in  diseases  of  the  spinal  cord, 
132 ;  in  acute  spinal  meningitis,  2-36,  240 ;  in 
spinal  irritation,  363. 

Urine,  changes  in,  in  diseases  of  the  spinal  cord,  122, 
129;  in  hemorrhage  in  the  medulla  oblongata, 
872 ;  in  myelitis,  411 ;  in  spinal  apoplexy,  299 ;  in 
tumors  of  the  medulla  oblongata,  955 ;  retention 
of,  in  concussion  of  the  spinal  cord,  350. 

Uspensky.  59,  179,  049. 

Uteiine contractions,  innervation  for,  57. 

Uterus,  diseases  of,  in  etiology  of  diseases  of  the 
spinal  cord,  154. 

Valbntiner,  473. 
Valerian  in  myelitis,  465. 
Vanlair,  05. 

Vaso-motor  centre  in  the  medulla  oblongata.  861. 

Vaso-motor  disturbances  in  diseases  of  the  spinal 
cord,  111 ;  in  myelitis,  410,  443 ;  in  spinal  irrita- 
tion, 362 ;  in  tabes  doi"salis,  586. 

Vaso-motor  paths  and  centres  in  the  spinal  cord,  42. 

Venous  congestion  in  etiology  of  hypertemia  of  the 
spinal  meninges,  202. 

Veratrine  in  myelitis,  465. 

Vertebrre,  diseases  of,  in  etiology  of  acute  spinal  me- 
ningitis, 2.30;  of  chronic  spinal  meningitis,  253 ; 
of  meningeal  hemorrhage,  209  ;  in  slow  comprcs- 
.  sion  of  the  cord,  321 ;  of  tumors  of  the  spinal 
membranes,  268;  injury  of,  in  etiology  of  wounds 
of  the  spinal  cord,  806. 

Vichy,  waters  of,  in  myelitis,  423, 

Viguis,  049,  053.  . 
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Virchow,  108,  184,  264,  265,  266,  278,  282,  749,  750, 

951,  953. 
Vix,  649,  (160,  893. 
Vogt,  SOS,  0(15. 

Voice,  disturbances  of,  in  multiple  sclerosis,  487,  497. 

Voisin,  116,  389,  587,  884,  89J,  891,  930. 

Volkninnn,  688,  693,  703,  709,  711,  718. 

Vomiting  in  acute  bulbar  myelitis,  903  ;  in  acute  spi- 
nal meningitis,  241 ;  in  hemorrhage  in  the  me- 
dulla oblongata,  872;  in  poliomyelitis  anterior 
acuta,  686,  700  ;  in  slow  compression  of  the  cord. 
337 ;  in  spinal  irritation,  862 ;  in  tumors  of  the 
medulla  oblongata,  954. 

Vossius,  581,  596. 

Vulpian,  43,  43,  45,  109,  116,  227,  386,  468,  473,  495, 
504,  519,  539.  614,  665,  666,  673,  733,  736,  759,  854. 
861. 

Wachsmuth,  907,  909,  930. 
Wagner,  E.,  751. 
Wagner,  J.,  949. 

Waldraann,  627,  529,  ,530,  550,  611,  615,  616. 
Walford,  7*3. 
Waller,  45. 

Warmbrunn,  baths  of,  in  diseases  of  the  spinal  cord, 
167. 

Warmth  in  diseases  of  the  spinal  cord.  163,  164 ;  in 
aniemia  of  the  spinal  cord,  290  ;  in  chronic  spinal 
meningitis,  261 ;  in  meningeal  hemorrhage,  216  ; 
In  myelitis,  422 ;  in  poliomyelitis  anterior  acuta, 
711 ;  in  spinal  apoplexy,  305 ;  in  spinal  irritation, 
368. 

Waters,  893, 

Waters,  mineral,  in  diseases  of  the  spinal  cord,  192; 


in  concussion  of  the  spinal  cord,  357 ;  in  myelitis, 
42:i,  460 ;  in  progressive  bulbar  paralysis,  944  ;  in 
tumors  of  the  spinal  membranes,  276. 
Watt,  794. 

Weaknc-is,  Functional,  of  the  Spinal  Cord,  369. 

Webber,  713,  716, 

Weber,  230. 

Weil,  A.,  283 

Weiss,  666. 

Wells,  Spencer,  196. 

Westphal,  48,  49,  86,  102,  266,  386,  390,  392,  417,  419, 
474,  470,  505,  575,  58:3,  588,  626,  634,  637,  639,  733, 
734,  730,  737,  739,  740,  743,  749,  750,  759,  770,  776, 
797,  798,  867,  873. 

Whipham,  265,  271. 

Wiesbaden,  baths  of,  in  diseases  of  the  spinal  cord, 
167. 

Wildbad,  baths  6f,  in  diseases  of  the  spinal  cord,  167  ; 

in  myelitis,  460. 
Wilks,  266. 
Willigk,  468,  879. 
von  Wittich,  104. 

Woroschiloff,  35,  38,  39,  41,  96,  558,  657. 
Wounds  of  the  Medulla  Oblongata,  887. 
Wounds  of  the  Spinal  Cord,  305. 
Wunderlich,  128,  190,  463,  518,  614. 
Wnndt,  35,  148. 

Zenker,  473,  480. 

von  Ziemssen,  178,  231,  242,  565. 

Zinc  in  diseases  of  the  spinal  cord,  191  ;  in  antemia  of 

the  spinal  cord,  290 ;  in  myelitis,  465 ;  in  spinal 

irritation,  367. 
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